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At a Meeting of the Council

of the Royal Society,

Feb. 2,8, 173*.

^pHE greatejl 'part of this Se*

•*- cond Volume of Statical ESSAYS,

by Stephen Hales, B. D. F. R. S. having

been read at feveral Meetings of the

Royal Society, for which he had their

Thanks, it is ordered, That he be de~

fired to Trint the fame.

Hans Sloanc, P. R. S«
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T O T H E

K I N G s

Moft Excellent Majefty.

SIX,

YOUR Majefty's graci-

ous Acceptance of my
former Volume of Experi-

ments, has encouraged me,

both further to purlue thefe

natural Refearches, and alfb

A3 to



DE D ICATION.
to lay the Refult of them at

Your Feet.

The Study of Nature will

ever yield us frefh Matter of

Entertainment, and we have

great Reafbn to blefs God, for

the Faculties and Abilities he

has given us, and the ftrong

Delire he has implanted in our

Minds, to fearch into and con-

template his Works, in which

the farther we go, the more

we fee the Signatures of his

Wifdom and Power, every

thing pleafes and inftru&s us,

becaufe in every thing we fee

a wife Defign.

As



DEDICATION.
As the beautiful Fabric of

this World was chiefly framed

for and adapted to the Ufe of

Man, lb the greater Infight we

get into the Nature and Pro-

perties of Things, Co much the

more beneficial will they be to

us, the more will our real

Riches thereby increafe, the

more alio will Man's original

Grant of Dominion over the

Creatures be inlarged.

Your Majefty's Subjects of

Great Britain are allowed by

the candid Confeffion of other

Nations, to excel in experi-

mental Philofbphy, which has

A 4 long
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long been found to be moll

beneficial to Mankind.

As theAdvancement of Arts

and Sciences much depends on

the Protection of Princes, whole

Patronage they are well worthy

of5 fo we have a pleafing Pro-

lpecl: of their flourifhing under

Your Majefty's aufpicious Fa-

vour, whole Care and Concern

for the Welfare and Prolperity

of His People, is in every re-

Ipecl: moft extenlive.

That Your Majefty, after

having long continued a Blefc

fing to Your Subjects in a

prolperous
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profperous Reign here on Earth,

may hereafter enjoy a happy

Immortality in Heaven, is the

fincere Prayer of,

May itpleafe Tour Majefiyy

Tour Majeftfs

Moft humble and

DutifulSubject,

STEPHEN HALES.
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PREFACE.
WH A T I had at firft in-

tended only as additional

Obfervations and Experi-

ments to the firft Volume, is now-

grown into the Size of another Vo-

lume, fo fruitful are the Works of the

great Author of Nature in reward-

ing, by farther Difcoveries, the Re-

fearches of thofe who have Tlea-

fare therein : We can never indeed

want Matter for new Experiment^

and tho' the Hiftory of Nature as re-

corded from almoft innumerable Ex-

periments, which have been made

within the Cpmpafs of a Century,

be very large, yet the Properties of

Bodies are fo various, and the different

Ways by which they may be

examined
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examined fo infinite, that 'tis no

wonder that we are as yet got little

farther than to the Surface of Things

:

Yet ought we not to be difcouraged
5

for tho' we can never hope to attain

to the complete Knowledge of the

Texture, or conftituent Frame and

Nature of Bodies, yet may we rea-

fonably expeft by this Method of Ex-

periments, to make farther and far-

ther Advances abundantly fufficient to

reward our Pains.

And tho' this Method be tedious,

yet our Abilities can proceed no

falter 3 for as the learned Author

of the 'procedure of human Under-

ftanding obferves, pag. 205, 106.

cc All the real true Knowledge we
a have of Nature is intirely expert-

" mental , infomuch that, how
cc ftrange foever the Aflertion feems,

u we may lay this down as the firft

" fundamental



The Preface. iii

" fundamental unerring Rule in

" Phyficks, That it is not <witbin

u the Compafs of human Underjland-

" ing to ajjign a purely fpeculative

u Reafon for any one Phenomenon in

" Nature" So that in natural Phi-

lofophy, we cannot depend on any

mere Speculations of the Mind 3

we can only, with the Mathemati-

cians, reafon with any tolerable Cer-

tainty from proper Data, fuch as

arife from the united Teftimony

of many good and credible Experi-

ments.

Yet it feems not unreafonable on

die other hand, tho' not far to in-

dulge, yet to carry our Reafonings

a little farther than the plain Evidence

of Experiments will warrant 5 for

fince at the utmoil: Boundaries of

thofe Things which we clearly know,

there is a kind of Twilight caft

from
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from what we know, on the ad-

joining Borders of Terra incognita,

it feems therefore reafonable in fome

Degree to indulge Conjecture there
3

otherwife we fhould make but very

flow Advances in future Difcoveries.,

either by Experiments or Reafon-

ing : For new Experiments and

Difcoveries do ufually owe their firft

Rife only to lucky Guefles and proba-

ble Conjectures, and even Difap-

pfointments in thefe Conjectures do

often lead to the Thing fought for:

Thus by obferving the Errors and

DefeCts of a firft Experiment in any

Refearches, we are fometimes car-

ried to fuch fundamental Experi-

ments, as lead to a large Series of

many other ufefui Experiments, and

important Difcoveries.

If therefore fome may be apt to

think that I have fometimes too

%r
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far indulged Conjecture, in the In-

ferences I have drawn from the

Events of fome Experiments 3 they

ought to confider that it is from

thefe kind of Conjectures that frefh

Difcoveries firft take their Rife 5 for

tho' fome of them may prove falfe,

yet they often lead to further and

new Difcoveries. It is by the like

Conjedures that I have been led on,

Step by Step, thro' this long and la-

borious Series of Experiments $ in any

of which I did not certainly know

what the Event would be, till I had

made the Trial, which Trial often led

on to more Conjectures, and farther

Experiments,

In which Method we may be

continually making farther and far-

ther Advances in the Knowledge of

Nature, in Proportion to the Num-
ber of Obfervations which we have:

But
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But as we can never hope to be fur*

nifliedwith a fufficient Number of
thefe, to let us into a thorough Know-
ledge of the great and intricate

Scheme of Nature, fo it would be
but dry Work to be ever laying

Foundations, but never attempting to

build on them. We muft be con-

tent in this our infant State of Know-
ledge, while we know in part only,

to imitate Children, who for want

of better Skill and Abilities, and

of nore proper Materials, amufe

themfelves with flight Buildings.

The farther Advances we make in

the Knowledge of Nature, the more

probable and the nearer to Truth

will our Conjectures approach: So

that fucceeding Generations, who

fhall have the Benefit and Advantage

both of their own Obfervations, and

thofe of preceding Generations, may
then
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then make confiderable Advances,

when many Jhall run to and froy

and Knowledge Jhall be increased,

Dan. xii. 4. In the mean time, ic

would but ill become us in this our

State of Uncertainty, to treat the Er-

rors and Miftakes of others with Scorn

and Contempt, when we cannot but

be confeious, that we ourfelves fee

Things but as through a Glafs darkly
,

and are very far from any Pretenfions

to Infallibility.

As it has ever been of great Im-

portance to the Welfare of Mankind,

to make the beft Refearches they can

into the Nature of our Bodies, fo

have many eminent Perfons, from

time to time, made confiderable Dis-

coveries therein. And as the animal

Fluids move by Hydraulic and Hy-

droftatical Laws, fo I have here made

fome Inquiry into the Nature ,of their

a Motions
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Motions by a fuitable Series of Ex-

periments. The Difagreeablenefs of

the Work did long difcourage me
from engaging in ic $ but I was on

the other hand fpurred on by the

Hopes, that we might thereby get

fome farther Infight into the animal

OEconomy. We find here a large

Field for Experiments, which may

be multiplied and varied many

Ways, of which I have here only

given a few Specimens. As thele

Experiments do obvioufiy and clearly

give an Account of fome Phano-

mena, fo they may poffibly be of

Service in the Hands of thofe who

are well skilled in the animal OEco-

nomy, and the Hiftory of Difeafes, to

explain many other of the innumerable

Variety of Cafes, which occur in fo

complicated a Subject as an animal

Body is.

In
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In which we are aflured that all

Things are wifely adjufted in Num-
ber, Weight and Meafure, yet with

fuch complex Circumftances as re-

quire many IData from Experiments,

whereon to found juft Calculations:

But tho' many of the following Cal-

culations are founded only on fuch

inaccurate Menfurations as the Na-

ture of the Subjed: would allow of
5

yet may we thence fairly draw many

rational Deductions in relation to the

animal OEconomy.

In which there is fo juft a Sym-

metry of Parts, fuch innumerable

Beauties and Harmony in the uni-

form Frame and Texture of fo vaft a

Variety of folid and fluid Parts, as

muft ever afford Room for farther

Difcoveries to the diligent Inquirer
3

and thereby yield frefli Inftances to

illuftrate the Wifdom of the divine

a 2 Archited^
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ArchiteiV, the Traces of which are fo

plain to be feen in every thing, that

the tPfalmijl had good Reafon to call

him a Fool, who could be fo fenfe-

lefs as tofay in his Heart , that there is

no God^ whofe mafterly Hand is fo

evident in every Part of Nature, that,

if there be any who pretend they can-

not fee it, it can be no Breach of Cha-

rity to fay, that they are wilfully

blind and therefore Lyars.

In the Treatife on the Calculus^ I

have endeavoured by a great Variety

of Experiments, to inquire into the

Nature of that mod formidable Con-

cretion ; but tho
?

I have not thence

been able to find out either a fure

Preventive, or a fafe Diflolvent, yet I

am not without Hopes, that thefe Re-

fearches, as they were fincerely inten-

ded, fo they will prove of confiderable

Benefit to Mankind in many Cafes,

by
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by (hewing not only the Nature, but

alfo the Caufes which are moft apt,

either to promote or retard the Progreis

of this fecret and terrible Intruder 5 not

that it is to be expected, that all fhould

find Benefit thereby, tho' haply fome

may. The Inftrumenc defcnbed at the

End ofthisTreatife, will, I doubt nor,

be very beneficial in inftantly relieving

many, who might otherwile iuffer great

Torture for feveralDays, and fome of

them lofe their Lives by a dangerous

Incifion.

The Appendix contains fcveral mii-

cellaneous Oblervations and Experi-

ments fome of which relate to Subjedh

in Vegetable Statics, but the greateft

Part to the Analyjis of the Air in the

firfl: Volume.

I have added a general Index of

the Matters contained in thefe two

Volumes. But as this Index is adapted

a
3

to
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to the fecond and third Editions of the

firft Volume; fo there mull be an Al-

lowance for a Difference of eight Pages

\ck
y
from Page 75 of the firft Edition

of the firft Volume 5 which Difference

in the numbering of the Pages of the

feveral Editions of the firft Volume,

continualfy decreafes, fo as to be none

in the laft Page of each Edition.

I muft here thankfully acknowledge

my Obligations to John Hooker, Efq$

of Tunbridge, for correcting the Er-

rors that were in feveral of the Calcu-

lations, in the firft Edition of this fe-

cond Volume.

THE
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i Product i on.
^OOL OF UPT&

i, A S ^liNsaiffiaKBGsdy^confifts not only

XjL of a wonderful Texture of folid

Parts, but alfo of a large Proportion of Fluids,

which are continually circulating and flowing,

thro' an inimitable Embroidery of Blood-vcf-

fcls, and other inconceivably minute Canals s

and as the healthy State of an Animal princi-

pally confifts, in the maintaining of a due E-

quilibrium between thofe Solids and Fluids 5 it

has, ever fince the important Difcovery of the

Circulation of the Blood, been looked upon

as a matter well worth the inquiring into, to

find the Force and Velocity with which thefc

Fluids are impelled, as a likely means to give

a conftderable Infight into the animal OEco-

nomy.

2. Several ingenious Perfons have, from

time to time, attempted to makcEftimatcs of

the Force of the Blood in the Heart and Ar-

teries, who have as widely differed from each

other as they have from the Truth, for want
of a fufFicient Number of ^Data to ar^ue

from : Had Perfons of their Abilities been
more careful, in the firft Place, to get what
Infight they could into the Matter, as far as

a regular Series of proper Experiments would

have
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have informed them, they would then

doubtlefs have been furnifhed with more

and more proper 'Data whereon to found

their Calculations, which would have brought

them much nearer to the Truth.

3. Finding therefore but little Satisfaction,

in what had been attempted on this Subjeft

by Borellus and others, I endeavoured about

twenty-fiveYearsfince, by properExperiments,

to find what was the real Force of the Blood

in the crural Arteries of Dogs, and about fix

Years afterwards I repeated the like Experi-

ments on two Horfes, and a fallow Doe; but

did then aot purfue the Matter any further,

being difcouraged by the Difagreeablenefs of

Anatomical Diffeftions. But having of late

Years found by Experience the Advantage of

making ufe of the Statical way of Invefti-

gation, not only in our Refearches into the

Nature of Vegetables, but alfo in the Chy-

mical Analyfis of the Air; I was hence in-

duced to hope for fomc Succefs, if the fame

Method of Inquiry were applied to animal

Bodies ; efpecially considering that they are

in a manner framed of one continued Maze

of innumerable Canals, in which Fluids are

inceiTantly circulating, fome with great Force

and Rapidity, others with very different De-

grees
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grees of rebated Velocity : Hence I was en-

couraged to refume the Inquiry, by Variety

of fuch Experiments as I conje&ured would

give ibmc Light into the Matter.

4. It may well be wondered at, that one

who neither by Profeffion nor Inclination,

is prompted to deal inAnatomical Operations,

fhould encase in a thins; of this Nature 5 cf-

pccially in an Age and Nation that abounds

with ingenious Perfons, who are eminently

skilled in Anatomy 5 and who have brought

the Art of preparing and injedting the finer

capillary VelTels, with proper-coloured Ingre-

dients, to a good Degree of Perfection.

5-. Eut as the animal Canals have not, that

I know of, been hitherto examined any other

way, than by the imperfect and uncertain

Methods of injc&ing with a Syringe, and

blowing into them 3 I hope it will appear

from this Specimen to be worth the while to

attempt it in the following Hydraulic way,

which feems to me to be more accurate and

certain. And I hope, that what I have here

done in this way, will induce more skilful

Anatomifts to purfuc the Matter farther

by a great Variety of the like Experi-

ments on different Parts of the Body, and

alfo with Variety of Liquors, of very dif-

ferent
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fercnt Degrees of Confiftency, as to their Vif-

cidity , orThimiefs, and Fluidity, Reftringeney

and other Qualities; whence I make no

doubt, but -many curious Obfcrvations and

Difcoveries would arife. For fince we are

aflhred, that the animal Fluids move by Hy-

draulic and Hydroflatic Laws, the likelieft

Way therefore to fucceed in our Inquiries

into the Nature of their Motions, is,by adapt-

ing our Experiments to thole Laws.

6. So complicated and curioufly wrought a

Fabric as an animal Body is, the admirable

and amazing Texture of every Part of which

declares its divine Original, and whofe Wel-

fare and good Order confiding in the concur-

ring Harmony of fuch innumerable Circum.

fiances, will, in whatever View we confider

it, ever afford frefh Matter to reward our Re-

fearches.

AN
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:

A NACCOUNT
OF SOME

Hydraulic and Hydrojlatical

EXPERIMENTS
MADE ON THE

Blood and Blood-Veflels
O F

ANIMALS.
Experiment I.

i.TN December I caufed a mare to be tied

I down alive on her back; fhe was fourteen

hands high, and about fourteen years

of age, had a Fiftula on her Withers, was nei-

ther very lean, nor yet lufty : Having laid open

the left crural Artery about three inches from

her belly, I inferted into it a brafs Pipe, whofe

bore was one fixth of an inch in diameter 5 and

B xp
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to that, by means of another brafs Pipe which

was fitly adapted to it, I fixed a glafsTube, of

nearly the fame diameter, which was nine feet

in Length : Then untying the Ligature on the

Artery, the blood rofe in the Tube eight feet

three inches perpendicular above the level of

the left Ventricle of the heart : But it did not

attain to its full height at once -, it rufhed up

about half way in an inftant, and afterwards

gradually at each Pulfe twelve, eight, fix, four,

two, and fometimes one inch : When it was

at its full height, it would rife and fall at and

after each Pulfe two, three, or four inches,

and fometimes it would fall twelve or fourteen

inches, and have there for a time the fame

Vibrations up and down at and after each Pulfe,

as it had, when it was at its full height; to

which it would rife again, after forty or fifty

Pulfcs.

2. The Pulfe of a horfe that is well, and

fiot terrified, nor in any pain, is about thirty

fix Beats in a minute, whichis nearly halfasfaft

as the Pulfe of a man in health : This mare's

Pulfe beat about fifty-five times in a Minute,

and fometimes fixty or a hundred, fhe being

in pain.

3. Then I took away theglafs Tube, and

let the blood from the Artery mo\mt up in the

open
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open air, when the greateft height of its Jet was

not above two Feet.

4. I meafured the blood as it run out of

the Artery, and after each quart of blood was

run out, I rctixed the glafs Tube to the Artery,

to fee how much the force of the blood was

abated; this I repeated to the eighth quart,

and then its force being much abated, I applied

the glafs Tube after each pint had flowed out :

The refult of each trial was as is fet down in

the following Table, in which are noted the

greateft heights it reached after every Evacua-

tion. It was ufually about a minute before it

rofe to thefe feveral heights, and did not rife

gradually, but would ftand during feveral Pulfes

much lower, than what it would at length

reach to ; fo that I often thought it had done

rifinn, when on a fudden it would rife for

fome time four, eight, twelve or fixteen Inches

higher, where it would (lay for fome time,

and then on a fudden fall four, eight, twelve

or fixteen inches.

B % The
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H 1 he Quantities of 1 heieveral

H? Blood let out in Heights of
£" rP Wine Meafure. the Blood

-i after thefe
p^ evacuations

Quarts 1 Pints Feet Inches

*Thefe 5 Oun- 1 * 5Ounces 8 3

ces loft in prepar- 2 1 . 7 8

ing the Artery. 3 2 7 2

4 3
6 6 |

5 4 6 10 £

6 5 6 j

7 6 5 5 J

8 7 4 8

By this Time 9 8 3 3

there is a Pint loft 10 8 1 3 7*
in making the fe- 11 9 3 IO

veralTrials
3
which 12 9 1 3 * i

is not allowed for 13 10 3 9 f

in this Table. H 10 1 4 3f
15 11 3 8

16 11 1 3 10 £

17 12 3 9
,

18 12 1 3 7 1

19 13 3 2
20 13 1 4
21 H 3 9
22 H 1 3 3

,

23 15 3 4 i

24 *5 1 3 1

£jJ 16 2 4

There was about a Quart loft in making the

feveral Trials ; fo there flowed out in all feven-

teen Quarts, and half a Pint after the laft Trial,

when fhe expired. This whole Quantity of

Blood was equal to 996. 1 8 cubic Inches.

Wc
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y. We may obfcrve from this tabic, that

the decreafe of the force of the blood in the

Arteries, was not proportioned to the feveral

quantities of blood which were evacuated ; for

at the eighth trial, when feven quarts were

drawn off, the height of the blood was four

feet eight inches, after which it decrcafed in

the five following trials to three feet odd

inches, fometimes a little lower, and then a

few inches higher. But at the fourteenth trial,

after ten quarts and a pint had been drawn off,

it rofe again up to four feet j+j- inches, and it

came nearly to the fame height again at the

twentieth trial, when thirteen quarts and a pint

had been drawn off.

6. This difproportionate inequality in the

feveral heights was principally owing to her

violent {training to get loofe, which made the

blood in the fourteenth trial rife higher than it

had done in feveral of the preceding ones.

j. About the twentieth trial fhe grew very

faint and uneafy, and breathed quick : The

violent (training to get loofe, did, by thea&ing

of moft of her mufcles, cfpecially the abdo-

minal, impel the blood from all parts to the

Vena Cava, and confequently there was a

greater fupply for the heart, which muft there-

fore throw out more at each pulfation, and

J$ 2 thereby
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thereby incrcafe the force of the blood in the

Arteries.

8. For the fame reafoii too, it would be

fomewhat increafed in height upon deep figh-

ing, becaufe the lungs being then put into

greater motion, and more dilated, the blood

patted more freely, and in greater quantity, to

the left Auricle, and thence to the Ventricle.

9. This plainly fhews how fighing incrcafes

the force of the blood, and confequently, pro-

portionably chears and relieves nature, when
opprefled by its too flow motion, which is the

cafe ofthofe who are deje&ed and fad.

10. Hence alfo we fee evidently, that the

blood moves fafteft and moft freely tno' the

lungs when they are in a dilated ftateT For

which reafon animals when they are near ex-

piring, do ufually breathe quick, the lungs

then labouring to heave faft, that the languid

blood may thereby have a freer courfe thro'

them, to fupply the then almoft bloodlefs

pulfationsof the heart, as was, we fee, the cafe

of this mare when her blood was near ex-

hausted.

11. When between fourteen and fifteeu

quarts of blood had been evacuated, and there-

by the force of that which remained in the

vcflcls greatly decreafed, then the mare fell

into
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into cold clammy fweats, fuch as frequently at-

tend dying perfons; which (hews to how low

a ftate the vital force of the blood is at that

time reduced. Whence we fee, that thefe faint

fweats are not occasioned by a greater protru-

five force of the blood at that time, but rather

by a general Relaxation of the Pores, as well

as of all other parts of the body. And itfeems

hence probable, that the vigour of the blood

in the Arteries is much abated, when perfons

who are not in a dying State, have colliqua-

tive fweats, as in violent colic pains, Fear,

&c.

12. Upon opening the mare's body, I

found little or no blood in the Aorta, about

an ounce in the left Ventricle, but none in

the right; the Vena Torta and Cava were

full: She bled two or three ounces, but

very flowly, and not without prefling the

jugular vein, which was opened as foon as

fhe expired.

13. There might be about two quarts and

three quarters of blood left in the large

veins, which, with what was drawn out at

the artery, makes five Wine gallons, which

at 2 21 Cubic inches to the gallon, amounts

to jioj Cubic inches, or 42. 2. pounds*

B 4 which,
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which, at a low eftimation, may be reckoned

the quantity of current blood in a horfe 5 there

is, doubtiefs, confiderably more, but it is not

eafy to determine how much.

14. As this experiment (hews how much
the force of the blood in the arteries is abated

by different degrees of Evacuation 5 fo it may

be of ufe to dired what quantity to let out at

a time in bleeding: For whatever the real

quantity of the circulating blood be, it is cer-

tain that the eftimate of what can be with

fafety let out at once, muft be taken from the

proportion which that bears to the whole

quantity of blood, which will flow out of

the Vein or Artery of the animal till it dies.

iy. We fee alfo from this experiment, the

reafonablenefs of the Practice of bleeding at

feveral diftant times, where it is requifite to

take away a great quantity of blood 5 and not

to do it all at once, which would too much

weaken the force of the blood. For fince

it was found by feveral inftanccs in this

Experiment, that when the force of the blood

Was much depreffed by evacuations, it would

be confiderably raifed again by the A&ion of

the mufcles, out of whofe very fine and long

capillary veffels it moves but (lowly, as alfo by

the motion of all pagts pf the mare j fo the

cafe
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cafe is doubtlefs the fame, when the vigour of

the blood is in any degree rebated in the large

veffels, by blood-letting, that vigour will" in

fome meafure be in a little time reftored again,

not only by the action of the feveral parts of

his body, whereby the blood would have time

tc flow in from all parts, to fupply the moft

evacuated veffels, whereby there would be a

juft proportionate evacuation of all parts; but

alfo becaufe the veffels themfelves would

thereby have time to contract themfelves in

fome proportion to the degree of their eva-

cuation.

Experiment II.

i.TN January I caufed a gelding to be tied

X down faft on his back, in the fame man-
ner as the mare was in the foregoing

experiment : He was thirteen hands high, and
ten or eleven years old, but very lame, by
reafon of a canker in his hoof j he was lean

but fomewhat luftier than the mare, and much
more lively. I fixed the fame Brafs Pipe and
Giafs Tube, as above, to his left crural Ar-
tery.

2. The Blood rufhed up the tube at once,

to near two thirds of its greatcft height, and

then
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then more leifurqly, as in the mare. It would

rife and fall commonly about an inch at each

pulfation of the heart, but fometimes two or

three inches. I let out the blood gradually,

as in the mare } and after each evacuation,

I refixed the glafs tube to the Artery, to take

the feveral heights of the blood: The Re-

fult of each trial was, as noted in the following

table.

3. When I firft fixed the tube to the ar-

tery, I flopped the horfe's noftrils, fo as to

make him breathe with great difficulty, which

made the blood rife five inches higher s but

I could not carry this experiment almoft to

fufFocation, as I would have done, becaufe

his plunging obliged me to take the tube

from the artery.

The
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3 1
The Quantityj The ieveral

|

H? of Blood let l
Heights ot

2- | out. 1 theBlood af-

p-iS 1 ter thofe E-
—*

1 vacuations.

v^uarcs. Pinsi Feet, floches

I o I 1

9 8

2 i I 9 8

3 2 9 5*
4 3

8 4

5 4 8

6 5 7 8f

7 6 7 T

8 7 7 6\

9 8 7 4T
IO 9 6 6i

a

ii IO 6 ih
12 ii 5 ii

,

12 *5
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8? The hi gheft Point

13
\

1 ° i it would ftand at for
12 5 2

fame time.

! + J 3 : 4 4 t The lnweft Point*

' 15 n 3

II

4

8 at which Points it

would continue tor

1

* 6
l

*4 I 2 fome time.

H I i3 2
\\ The higheft Point.

^ 15 3f \ The loweft; Point.M i<? I 2 ' IO
;

He did not bleed half a pint more after this

|aft Trial, before he expired.

4. We may obferve, that as this horfe was

more lively than the mare, fo the blood

mounted at firft trial feventeen inches higher

in the tube, than the mare's blood did 3 yet

there flowed three pints of blood lefs from

the horfe than from the mare : One Reafon

of



1 1 Hamajlatics.

of this may be, that as fhe was four inches

taller than the Horfe, to fhe was probably

proportionably bigger in fize every way, and

fhould therefore have more blood ; befides,

bulk for bulk, the females are obferved to have

more blood than the males.

5. As the quantity of blood decreafed, fa

would the projeftilc force of the blood in

the tube proportionably decreafe* fo that it

would not rife above a quarter of an inch at

a pulfe, when the horfe grew very faint.

6. The great afcents or defcents of the

blood, viz. twelve or fifteen inches at a time,

did not feem to be owing immediately to

the more vigorous or faint, fafter or flower

pulfation or fyftole ofthe heart 5 but by its con-

tinued equable beating, feemed rather to be

occafioncd by a more or lefs quantity of

tyood flowing in to fupply the left ventricle

of the heart.

7. The horfe's pulfe beat forty ftrokes in a

minute, before he wasdifturhed or ticddo\yn

:

But when the glafs tube was fixed to the artery,

it beat fixty five in a minute. And as the horfe

grew fainter, the pulfe was more and more

accelerated, fo as to beat an hundred times

or more in a minute : Whence we fee, that the

pulfe is weak and quick, when the heart is fup-

plie4
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plied with little blood; which is the cafe in

the hectic fevers, &c.

8. And the diaftole of the heart muft ne-

ceflarily be proportionably fmail 5 for if the

heart dilated as much, when a fmall quantity

of blood flowed into the ventricle, as when

a large quantity entered, it muft then confe-

qucntly be filled partly with air each time,

which would foon caufc the death of the

animal.

Experiment III.

i.TN 'December I laid a common field gate

X on the ground, with fome ftraw upon ity

on which a white mare was caft on her right

fide, and in that pofture bound faft to the Gate j

fhe was fourteen hands and three inches high,

lean, tho' not to a great degree, and about ten

or twelve years old. This and the above-

mentioned horfe and mare were to have been

killed, as being unfit for fervice.

2. Then laying open the left jugular vein,

I fixed to that part of it which comes from the

head, a glafs tube, which was four feet and

two inches long.

3. The blood rofe in it, in three or four

fcconds of time about a foot, and then was

ftationary
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fiationary for two or three feconds; then in

three or four feconds more, it rofe fometimes

gradually, and fometimes with an unequally

accelerated motion, nine inches more, on final!

(trainings of the mare : Then upon greater

{trainings it rofe about a yard, and would fub-

fide five or fix inches : Then upon a larger (train

orftruggleofthemare, it rofe fo high, as to flow

a little out at the top of the tube 5 fo thathad the

tube been a few inches higher, it would have

rifen probably to that height,

4. When the mare ceafed to (train and

ftruggle, the blood fubfided about eighteen or

twenty inches ; fo the return of the blood into

the vein was not hindred by the valves ; which

I have aifo obferved in other parts where there

are valves j tho' fometimes they abfolutely

hinder the return of any fluid.

f. The diameter of the brafs pipe and tube

which were fixed to the vein, were nearly

one feventh of an inch : The diameter of the

jugular vein about half an inch.

6. Then laying bare the left carotid artery,

I fixed to it towards the heart the brafs pipe,

and to that the wind-pipe of a goofe $ to the

other end of which a glafs tube was fixed,

which was twelve feet nine inches long. The

defign of ufing the wind-pipe was by its plian-

cy
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cy to prevent the inconveniencies that might

happen when the mare ftruggled, if the tube

had been immediately fixed to the artery,

without the intervention of this pliant pipe.

7. There had been loft before the tube was

fixed to the artery, about feventy cubic inches

of blood. The blood rofe in the tube in the

fame manner as in the cafe of the two former

horfes, till it reached to nine feet fix inches

height. I then took away the tube from the

artery, and let out by meafure fixty cubick

inches of blood; and then immediately re-

placed the tube to fee how high the blood

would rife in it after each evacuation; this

was repeated fevcral times 'till the mare ex-

pired, as follows, viz.

The
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* Deep Sighing raifed

the Blood.

When the Force of the

Blood was thusfmall, then

faint Sweats came on.

Very faint.

Now expired.

H Cubic Perpendi -

cular Heighth?t Inches

5 fp let out. after each E-

Si
vacuation.

Feer. Inches.

i 7° 9 6

2 I JO 7 10

3 190 7 6

4 2JO 7 3

f 3IO 6 5
6 37° 4 9

7 43° 3 9
8 490 3 4t

r

9 ffo 2 ^T
IO 610 3 2T.

ii 670^
*4
2 91

12 73° 3 <>

x 3 79° 3 f

H 820 2

k 833 2 f

8. We may obferve, that thefc three

horfes all expired, when the perpendicular

height of the blood in the tube was about

two feet.

9. Thefe833 cubic inches of blood weigh

ijli 82 pounds, and are equal to 14. 4 wine

quarts, the large veins in the body of

the
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the mare were full of blood, there was fome

alfo in the defcending Aorta, and in both

Ventricles and Auricles.

1 o. In order to make an eftimate, with what

force the heart of this mare muft propel the

blood, to raife it in the tube to the height of

nine feet fix inches, I inje&ed the right

Ventricle of the heart in the following man-

ner, viz.

11. I fixed a musket- barrel to the pulmo-

nary vein, near its entrance into the left Au-

ricle i and ty'd the afcending and defcending

Aortas faft, at fome diftance from their

branching off from each other : Then placing

the barrel in a perpendicular pofture, with a

funnel on the top of it, I poured in melted

bees-wax, till the funnel was half filled. Yet, as

I had found by experience, this perpendicular

height of melted wax, which was near four

feet, would not have filled the auricle and

ventricle, if I had not at the fame time taken

care to pafs a fmall brafs pipe thro' one of the

afcending branches of the Aorta, into the left

Ventricle 5 thro' which the Air pa(Ted off as

the wax entered into the ventricle, the brafs

pipe being at the fame time gradually drawn

up by an afliftant, who, as foon as all the air was
C driven
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driven out, ty'd that branch of the Aorta to pre-

vent the flowing out of the wax.

12. I chofe this method of inje&ing from

a perpendicular height rather than by a fy-

ringe, both becaufel was by this means aflur'd

of the force with which the injected cavity of

the heart was dilated, which is more uncertain

with a fyringe; and alfo becaufe this dilating

force from the perpendicular height, continued

acting uniformly till the wax was grown ftifF

and hard.

13. When cutting open the left Ventricle,

I found the thicknefs of itsmufcular coat to be

1 _|_ ± inch, and the thinned part of that of the

right Ventricle was half an inch.

14. Then taking out the wax which was

formed in the fhape of the Ventricle, I cut the

wax of the left ventricle off, where the Valves,

called Mitrales, made the reparation j which

Valves were propelled inward by the entring

wax j and I did the fame alfo at the orifice of

the Aorta, where the Valves called Semilu-

nares were alfo propelled inward by the above-

mentioned brafs Vent-pipe.

1
5-. And this is the proper Cavity of the left

Ventricle, juft before its Contraction; for at

that inftant, the blood flowing in from the

Auricle
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Auricle has opened the mitral valves inward,

while at the fame time the contracting arteries

repel the blood forcibly againft the femilunar

Valves 5 but at the inftant that the Ventricle

contra&s, the mitral Valves are clofed, being

expelled by the blood outwards, while at the

fame time the femilunar are by the fame a&ion

opened outwards, to make way for the com-

preffed blood to rufh into the Aorta,

1 6. So that this piece of wax thus formed,

may reafonably be taken to be nearly com-

menfurate to the quantity of blood received

into this Ventricle at each 'Diaftole, and is

thence propelled into the Aorta at the fubfe-

quent Syjioles.

17. Having thereforefilledanarrow-mouth-

ed veffel brim- full of water, I immerfed the

wax in it ; then taking it out of the water, I

filled the veffel brim-full again, from another

veffel, whofe capacity was divided into cubic

inches, which gave the bulk of the wax, and

confequently the capacity of the left Ventricle,

equal to ten cubic inches.

18. I got the quantity of the furface of the

fides of this Ventricle by laying pieces of paper

aptly cut to the irregular form of the feveral

parts of the wax > and then laying thofe pa-

pers under another paper, which was equally

C 2 divided
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divided into little Squares of \ inch each; by

running a pin thro* both papers at every Cor-

ner of each Square, the under papers being

thus marked too, it was eafy by numbering

their feveral Squares and parts of a Square, to

come pretty nearly to an eftimate of the whole

inward furface of the Ventricle : Which I by

this means found to be equal to 26 fquare

inches, deducing one fquare inch for the

area of the orifice of the Aorta, whofe dia-

meter I meafured from the inje&cd wax.

19. The diameter of the Aorta juft before

the coronary Artery branches from it, was

1. if inch.

Whence its Area 1.036 fquare inch.

The Diameter of the defcending Aorta

0.93, its Area c.677.

The Diameter of the afcending Aorta 0.74,

its Area 0.369.

20. The inward area of the fides of the

left Ventricle being therefore equal to 26

fquare inches -, the fum of the whole preffure

of the blood againft all the fides of that Ven-

tricle, at the inftant when it begins firft to con-

tract, fo as to fuftain the preflure of the arte-

rial blood, will be that Surface or Area mul-

tiplied into the perpendicular height of the

blood
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blood in the glafs tube, viz. 26 x 114 inches,

viz. 2964 cubic inches of blood.

21. And fince, according to Dr. Juriris

Eftimate, in Mottes Abridgment of the

Tranfa&ions, Part 2d, Page 141, a cubic

inch of blood weighs 267.7 grains, thefe mul-

tiplied into 2964 the number of cubic inches,

and then reduced into pounds, give 1 13.22

pounds, which is the mm of thepreilure of the

blood, which this Ventricle fuftains, at the

inftant when it is going to exert a contractive

force, fufficient to propel it with considerable

velocity into the Aorta.

2 2 . The fcruple avoirdupoife contains 18.25*

grains, the ounce 438 grains, the pound

7008 grains.

23. The area of the grcateft feclion of this

ventricle from Apex to bafc being 6.83 fquare

inches; thefe multiplied into 1 14 inches, the

perpendicular height of the blood, in the tube,

give 778.62 cubic inches of blood, equal to

29.7 pounds; the force of the blood which

the mufcular fibres in that tranfverfe fe&ion

of the ventricle muft refift.

94. The velocity with which the blood is

thrown out of the ventricle into the orifice

of the Aorta, may be thus computed; viz.

thp capacity of this ventricle being equal to

C 3
ten
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ten cubic inches, and the area of the tranfverfe

fe&ion of the Aorta being 1.036, by which

dividing the ten cubic inches, the quotient

$.6$ is the length of the cylinder of blood,

which is formed in palling thro' the Aortas

orifice, at each Syjiole of the ventricle. And
a horfe's ventricle of his heart contra&ing, or

his pulfe beating 36 times in a minute, that is,

2160 times in an hour, then a column of blood

fomany times 9.65 inches, or 208.44 inches

long, or 1737 feet will pafs in an hour.

2
<f.

But the Syjloles of the ventricle during

which that quantity of blood is propelled, be-

ing eftimated to be done in one third of the

ipace of time between each pulfe, the velocity

of the blood during each Syjiole will be thrice

as much, viz. at the rate of f211 feet, /. e.

o 98 of a mile in an hour or 86.85- feet *n a

minute.

26. Now this velocity is only the velocity

of the blood at its firft entering into the Aorta,

in the time of the Syjiole", in confequence of

which the blood in the arteries, being forci-

bly propelled forward, with an accelerated

Impetus, thereby dilates the canal of the ar-

teries, which begin again to contraft at the

inftant the Syjiole ceafes ; By which curious

artifice of nature, the blood is carry'd on in

the
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the finer Capillaries, with an almoft even

tenor of velocity, in the fame manner as

the fpouting water of fomc fire-engines is

contrived to flow with a more even velocity,

notwithftanding the alternate Syjloles and

T)iafloles of the rifing and falling Embolus

or force; and this by the means of a large

inverted globe, wherein the comprefled air

alternately dilating or contracting, in confor-

mity to the workings to and fro of the Em-
bolus', and thereby impelling the water more

equably than the Embolus alone would do,

pufhes it out in a more nearly equal fpout.

27. And fmce the blood in the fined ca-

pillary arteries, prcfles into the veins with a

much more equable velocity, than in the

Aorta and greater arteries ; fince alio the

Syjiole is fuppofed to be nearly one third of

the time between pulic and pulfe, the other

two thirds of that time mud be fpent in the

contra&ion of the arteries : it may therefore

rcafonably be concluded, that the fum of the

dilatation of all the arteries in each Syftole

is equal to about the quantity of two thirds

of the blood, which is thrown out in each

Syjiole, which in the cafe of this Mare is

equal to two thirds of ten cubic inches, viz.

6.66.

C 4 28. Thft
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28. This ventricle throwing out ten cu-

bic inches at a time, will in the thirty-fix

pulfes of a minute throw out 360 cubic

inches, equal to 13.75: pounds, and in an

Hour 825 pounds weight of blood, nearly

equal to the weight of the Horfe.

29. The area of the tranfverfe feftion of

the Aorta being as above noted 1.036 inch i

and the immediate next divifions of it be-

ing in the area of the like fection of the de-

fending Aorta 0.677 inch; and that of the

afcending Aorta being 0.369, we find the

fum of the two areas of thefe afcending and

defcending branches is greater than that of

the trunk they arife from 5 and accordingly

the velocity of the blood will be propor-

tionably abated in them 5 as alfo on account

of what paffes through the coronary Arte-

ries, before the blood arrives at thofe two

branches, of which the defcending Aorta is

confiderably the largeft, thereby to furnifh a

greater quantity of blood, in the proportion

that all the parts of the body below the

heart exceed the bulk of thofe above the

heart.

Experiment
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Experiment IV.

T.T" Injected alfo with wax the left Au-

X ricle and Ventricle of an Ox's heart,

which Ox was by guefs iuppofed to weigh

about 1600 pounds when alive.

The Capacity of this ventricle was equal

to I2.f cubic inches.

The Area of the tranfvcrfe fe&ion of the

Aorta equal to 1.539 inch.

That of the defcending Aorta, equal to

0.912, that of the afcending equal to 0.85-.

2. The Pulfc of a very gentle Cow, which

was not terrified nor difturbed, while its pulfe

was counted, was at the rate of thirty-eight

in a minute, nearly the fame as that of a horfe.

3. The capacity of this ventricle 12.5- be-

ing divided bv the area of the orifice of the

Aorta 1. 539, the quotient 8.1 inches is the

length of the Cylinder of blood, which is

formed in palling through the Aorta in each

Syftole of the ventricle.

4. And an Ox's Pulfc beating, or this ven-

tricle contracting 38 times in a minute, that

is, 2280 times in an hour, then a column fo

many times 8.1 inches, or 18468 inches

long, or if 39 feet, will pafs in an hour.

5- . But
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f. But each Syjlole of the ventricle be-

ing performed in one third of that time, the

velocity of the blood in each Syflole will be

thrice as great, viz. 4617 feet, i.e. 0.874.

of a mile in an hour, or J6.95 feet in a

minute.

6 This ventricle throwing out I2.5 cubic

inches at a time, will in thirty -eight Syftoles,

which it performs in a minute, throw out

1 8. 1 4 pounds 5 and in an hour and twenty-

eight minutes, it will have thrown out 1600

pounds of blood, a quantity equal to the

weight of the Ox. But this Ox being fat, a

quantity of blood equal to his weight muft

be longer in palling through its heart, than

in the lean Horfe, Exper. III. Numb. 27.

for the fat of animals has little or no blood

in it; whence lean animals have, ceteris

paribus, much more blood in them than

fat ones.

Experiment V.

i.X Took an eftimate alfo of the force of

JL the blood in a fat gelt Sheep or We-
ther, by fixing glafs tubes to the jugular vein

and carotid artery, in the fame manner as I

had done to the Horfe in Exper. III. The

Sheep
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Sheep was three years old,and weighed ninety-

one pounds alive.

2. Its Pulles beat fixty-five times in a mi-

nute.

3. The Blood rofe in the tube fixed to the

jugular vein 5+5- inches, and nine inches

when the flheep ftruggled and drained.

4. In the tube fixed to the carotid artery

it rofe fix feet f+i inches.

5-. The capacity of the left ventricle of its

heart, was equal to 1.87 cubic inch.

6. Its inward furface =12.35- fquare

inches.

7. Its greateft tranfverfe Section =2.5-4.

8. The area of the tranfverfe fection of

the Aorta =0.172 fquare inch, that of the

defcending Aorta =0.09+, that of the left

carotid artery =0.012, and of the right

=0.07, they both rofe feparate immediately

from the Aorta.

9. The inward furface of this left Ven-

tricle being equal to 12.35- fquare inches 5

this, multiplied by fix feet 5-4- \ inches, pro-

duces 957.12 cubic inches of blood =36.5-6

pounds, the weight of blood which this ven-

tricle fuftains, juft before its Syftole begins.

10. And the Area of its greateft tranf-

verfe fe&ion being =2.74 fquare inches, this

multiplied
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multiplied into fix feet <j-\-\ inches the height

of the blood in the tube, the produd is

I5>6.8f cubic inches of blood =7. 5*1 pounds,

the weight of blood which the fibres in this

tranfverfe fe&ion of the ventricle muft fuf-

tain.

11. The capacity of the left ventricle be-

ing =1.85 cubic inch, which divided by

0.172, the area of the tranfverfe fe&ion of

the Aorta, the quotient 10.75- is the length

of the cylinder of blood, which is formed

in pafling through the Aorta in each Syjlole

of the ventricle.

12. And this fhcep's Pulfc beating, or his

left ventricle contra&ing fixty-five times in a

minute, that is 3900 times in an hour, there-

fore a column of blood fo many times 10.75"

inches, or 41925' inches long, or 3493.75-

feet will pafs in an hour.

13. But the Syftoles of the heart, during

which that quantity of blood is propelled,

being eftimated to be done in one third of

the fpace of time between each pulfe, the

velocity of the blood during each Syjlole

will be thrice as much 5 viz. at the rate of
10481.25' feet, /. e. 1.98 mile in an hour, or

J 74. 6 feet in a minute.

14. And
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14,, And the ventricle throwing out 1.85

cubic inch of blood each time, that will be

4- 593 Polinds in a minute, or ninety-one

pounds, a quantity equal to the weight of the

fheep in twenty minutes.

Experiment VI.

1. ¥ TAving fixed a tube to the left crural

JTJL artery of a fallow doe, the blood

rofe four feet two inches in the tube.

2. I injected with wax both auricles and

ventricles of the heart of another doe, and

found the capacity of the ventricle equal to

nine cubic inches, and the right auricle and

ventricle near as big.

3. Timorous animals arc obferved to have

larger hearts than courageous onesj as deer,

aiTes, hares, &c. which holds true in the in-

ftance of this doe's heart. Qu. May not

one reafon of this be, that the Fibres of

the timorous are generally more lax than thofe

of courageous Animals? on which account

the blood palling with lefs refiftancc through

the lax fibred capillary veffels, it was requifite

that the heart mould at each pulfe throw

put a greater quantity of blood, in order to

fupply its more eafy and plentiful flow through

the
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the lax capillary arteries into the veins. And
may not this be the reafon why the pulfes of

young animals, as of Children, are found to

beat fafter than thofe of grown perfons? viz.

becaufe the tender fibres of the coats of their

blood-veffels being very lax, they give the

Itfs refiftance to the flowing blood 5 whofe

Globules are obferved by Leewenhoeck to be

all of a fize both in great and fmall animals >

whence it was needful to make provifion for

a proportionably greater fupply of it from the

heart, by increafing the velocity of the dila-

tations and contractions of that curious en-

gine i in the formation of which are ken
fuch evident marks of the confummate Wif-

dom of the great Author of Nature.

4. The area of the tranfverfe feftion of the

Aorta of this Doe=o.476 of the defcending

^077^=0.383, of the afcending= 0.246,

and that of the pulmonary artery =o.5'02.

But it being not eafy to obtain, in that timo-

rous creature, the juft number of pulfes in a

minute 5 I could not calculate the velocity of

the blood, nor the quantity that pafTes in any

determinate time.

•

Experiment
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Experiment VII.

i.T Fixed tubes alfo in the fame manner to

JL the jugular vein and carotid artery of fe-

veraldogs; for whatever experiment I princi-

pally intended to make on any dog, I ufually

began with fixing a tube firft to the jugular

vein, and then to the carotid artery, which

was the method I ufed to wafh the blood

out of the capillary veflels, thereby the bet-

ter to prepare them for my intended experi-

ments.

2. The force of the blood in the veins and

arteries is very different, not only in animals

of different fpecies, but aifo in animals of

the fame kind 5 and that not only in thofe of

different fizes and weights, but alfo in dogs

of the fame fize and weight j and even in

the fame animal the force of the blood in its

veflels is continually varying, according to

the different kinds and quantities of food,

the various diftances of time after taking

food, the more or lefs plethoric date of the

bloodveffels, alfo from exercife, reft, dif-

ferent ftates of vigour or vivacity of the ani-

mal, and many other circumftances, which

may conduce to vary the force of the blood ;

For
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For the healthy ftate of animals is not con-

fined to the fcanty limits of one determi-

nate degree of vital vigor in the blood : But

the All-wife Framer of thefe admirable ma-

chines has fo ordered it, as that their healthy

ftate fhall not be difturbed by every little

variation of this force, but has made it con-

fiftcnt with a very confiderable latitude in the

vaiiation of it. Now fmce this force of the

blood is fo variable, it is the more requifite to

be furnifhed with a good quantity of obferva-

tions, thereby to find out, the more nearly, a

medium of thofe forces, not only in the

fame animal, but alfo in thofe of different

ages, fizes and kinds 5 whence haply fome

curious obfervations may arife.

3. Thefe great inequalities of the force of

the blood, not only in different animals, but

alfo in animals of the fame kind, may be

feen in the following table in Exper. VIII.

Numb. 12. in which I have fet down the

weights of mod of them, and alfo in dif-

ferent columns, the height to which the

blood rofe in tubes fixed to the veins and

arteries.

4. I obferved here, as in the above-men-

tioned horfes, that when the blood had fub-

fided a little in the tubes which were fixed

to
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to the arteries of thefe dogs, it would, as in

the horfes, rife on a fudden confiderably on

deep fighing ; as alfo on prefling the dogs

bellies hard with the hand, the blood

would immediately rife about fix inches, and

fubfide as much on taking off the hand, and

it was the fame on feveral repetitions.

5-. It may be objected to this method of

cftimating the force of the blood, that by

thus fixing tubes to thefe large veins, and

arteries, the courfe of a confiderable ftream

of blood was for that time flopped; and that

confequently the force of the blood muft be

proportionably increafed in all the veins or

arteries 5 and therefore alfo in the veins or

arteries to which the tube is fixed : And
doubtlefs in fome degree it is fo. In the

Sheep the left carotide is nearly ~j part of the

ridit carotide and defcendins Aorta taken

together 5 and in the Dog, Numb. 3. it is

about -iV of them.

6. To obviate therefore this inconveni-

ence, I fixed tubes laterally to the jugular

veins and arteries of the Dog, Numb. 13. in

the following manner ; vi&* I took two cylin-

drical flicks which were i- inch diameter,

and i-f-T inch in length j and having bored

holes through them from end to end, fome-

D thing
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thing larger than thofe veins and arteries ; I

then flit them in halves length-ways, and

bored another hole thro' the middle of one

of them into its cavity, into which lateral

hole the brafs pipe entered 5 which was, at its

other end, adapted to fit another pipe which

was cemented to a glafs tube. Then having

kid the vein or artery bare, I drew a linen

cloth under it* to wipe it very dry 5 and then

placed under it one of the above-mentioned

flit pieces of wood, laying the vein or artery

in its cavity, which was covered with pitch,

that was at that inftant afrefh melted with a

fmall warm iron rod 5 then pouring melted

pitch not very hot, over the vein or artery,

I immediately put on the other half of the

fplit wood, which had the hole bored thro'

it, and tied them faft together : Then enter-

ing the very (lender point of a pen-knife in-

to the above-mentioned hole, I cut an orifice

in the vein or artery, and then immediately

fixed the brafs pipe and tube to receive the

following blood, which rofe from the jugular

vein of the thirteenth Dog, firft, fix inches,

and on (training 9+1 inches, and from the

artery four feet eleven inches $ and would

doubtlefs have mounted higher, if the blood

had not made an outlet between the artery

and
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and the pitch, fo as to prevent its rife; which

inconvenience might eafily be prevented by

proper care 5 which, if done, would give

us the real force of the blood againft the

fides of the arteries, as it did in this jugular

vein.

7. I believe this would be a good method

to take the force of the blood in kiTer ani-

mals, where by reafon of the fmallnefs of

thofe veflels it might be difficult to infert

pipes into them, which if done, thofe pipes

would have too fmall a bore for the blood

freely to pafs thro' them.

8. I have noted in the following tabic,

Exper.YWl. Numb. 12. the feveral heights

to which the blood rofc in tubes fixed to the

veins and arteries of animals, as they lay ho-

rizontally on their backs, or on one fide in

the cafe of the Mare, Exper. III. But when
an animal (lands on its legs, a column equal

to the perpendicular height of the animal,

muft be added to the feveral heights of the

blood in the glafs tubes, in order to eftimate

the force, with which the blood prclTes

againft the coats of the blood-veffcls, at the

lower parts of the body, and fo in propor-

tion for any other part that is higher. So

that thefe columns of blood in the arteries

D 2 and
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and veins, communicating with each other

below, are, on account of their equal heights,

equipollent to each other : The progrefllve

motion of them being determined, by the

energy of the heart. And tho' valves in

tubes in which a fluid is propelled upwards

with an equal force, would rather retard than

promote its progrefs; yet in tubes where the

fluid does not afcend equably, but by reafon

of frequent motions of the whole machine,

it is fubjed to many agitations 5 in this cafe

valves are of great importance to check the

repcrcuffion and regurgitation of the fluid:

And accordingly, the All-wife Framer of

animal bodies has provided valves in the

veins, to prevent this inconvenience, and that

principally in the lower parts of the body,

where they are moil needed, efpecially in-

great motions, and in exerting the mufcular

force of the body.

Experiment VI1L

I. / 1 AHE blood having rifen fix feet eight

JL inches from the crural artery of the

Dog, Numb, 1. and to the fame height from

the left carotidc artery of Numb. 7. in the

table, Numb. 12. of this Experiment VIII.

I
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1 chofc to calculate the velocity, &t. of the

blood of this Dog.

2. The capacity of the left ventricle of

the heart, being inje&ed with wax, was found

equal to 1.172 cubic inch.

3. Its inward furfacc equal to eleven fquare

inches, which multiplied into the perpendi-

cular height of the blood in the glafs tube,

which was fixed to the artery, viz. fix feet

eight inches, or eighty inches, gives eight

hundred and eighty cubic inches of blood,

which prels on all fides of that ventricle,

when it has contracted juft fo far, as to fuf-

tain and be equal to the force of the blood

in the Aorta.

4. Thefe eight hundred and eighty cubic

inches multiplied by 267.7 r^e number of

grains in a cubic inch of blood, gives 235-5-67

=33.61 pounds.

5-. The area of the tranfverfc fe&ion of

the Aorta, juft before the coronary arteries

branch off from it, being 0.196 fquare inch,

by which dividing 1,172 cubic inch, the ca-

pacity of the ventricle, the quotient f.978

inches is the length of the cylinder of blood,

which is formed in palling thro' the orifice of

the Aorta, at each Syftole of the Ventricle.

D
3

6. And
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6. And a Dog's pulfe being found to beat,

or his left ventricle to contrad, ninety-feven

times in a minute, then a column of blood

fo many times f.97 inches long, will be

3474f4 inches, or 285)^.45- feet l°ng : Birt

the Syjloles of the heart during which that

quantity is propelled, being eftimated to be

done in one third of the time between pulfe

and pulfe, the velocity of the blood during

each Syfiole will be thrice as much, viz.

8686.35- feet, that is at the rate of 1.64

mile in an hour, or 144.77 feet in a minute.

7. And the ventricle throwing out 1.172

cubic inch of blood in each Syftole, that is,

4.34 pounds in ninety-feven pulfes, the num-

ber of pulfes in one minute, hence fifty-two

pounds, a quantity equal to the Dog's weight,

will pafs thro' the heart in 11.9 minutes.

8. If, according to Dr. Keill's Eftimatq,

the left ventricle of a man's heart throw out

in each Syfiole an ounce, or 1.638 cubic inch

of blood, and the area of the orifice of the

Aorta be =0.4187; then dividing the for-

mer by this, the quotient 3.9 is the length of

the cylinder of blood, which is formed in

paffing thro' the Aorta in each Syfiole of

the ventricle ; and in the feventy-five pulfes

of a minute a cylinder of 292. 7 inches length

wil
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will pafsi this is at the rate of 1462 feet in

an hour. But the Syftole of the heart being

performed in one third of this time, the

velocity of the blood in that inftant will be

thrice as much, viz. at the rate of 43861
feet in an hour, or 735 feet in a minute.

p. And if the ventricle throws out one

ounce in a pulfc, then in the feventy-fivc

pulfes of a minute the quantity of blood

will be equal to 4.4 pounds, 1 1 ounces; and

in 34 minutes a quantity equal to a middlc-

fized man, viz,, a hundred and fifty- eight

pounds, will pafs thro' the heart.

10. But if with Dr. Harvey and Dr.

Lower we fuppofe two ounces of blood, that

is 3.276 cubic inches to be thrown out at each

Syftole of the ventricle, then the velocity of

the blood in entering the orifice of the Aorta>

will be double the former, viz. at the rate

of 146 feet in a minute, and a quantity

of blood equal to the weight of a man's

body will pafs in half the time, viz. 17 mi-

nutes.

11. If we fuppofe, what is probable, that

the blood would rife j+\ feet high in a

tube fixed to the carotide artery of a man,

*nd that the iriward area of the left ventricle

D 4 of
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of his heart, is equal to fifteen fquare inches

thefe multiplied into y
Jr\ feet give 1350 cu-

bic inches of blood, which preffes on that

ventricle, when firft it begins to contract, *a

weight equal to fi.f pounds.

12. That we may the more readily com-

pare the above-mentioned fevcral cftimates

together, 1 "mail here range them in order

in a Table.
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The
feveral

Animals.

Weight
of each.

Pd. Ou.

Man

Harfeift

2d

id

Ox

Sheep
Doe

Dogsift
2d

3d

4
5
6

9
10

ii

12

*3

*4
15

1(5

17
x8

»9
20

Ido

825
1600

9 1

52
24
18

12 8

3i

43

15

37
36

24

37 8

J 9

35
32

23

Htftnajlattcs*

Height of

the Blood
in the

Tube
from Ju-
gul.

Height of
the Blood

in Tubes
fixed to

Arteries.

Inches. Feet Inch

12 52

5 i 9

H
24

9i

19

H
9*

7 6

5i
2

86
2 8

4 8

3 3

at crural

Arter.

6 8

6

1

9
7

11

Capacity

of the

left Ven-
tricle of

the

Heart.

Area of
theOri

fice of

theA-
orta.

Cubic
Inches.

Square

Inches.

Velocity

of the

Blood in

the Aor-
ta.

Feet

Inch in a

Minute.

1.659

3.313

O.4187

10 I.O36

12.5 M39

1.85

9

0.172

0.476

T.I 72
I

O.633

0.196

0.185

0.118

0.5 0.101
I.25

1. 172

0.210

0.196

0.179

56-55

113. 3

86.85

76.95

i74- 5

144-77
130. 9
130
120

144.28

156.59
Tube fixed to the crural Artery.

was very old and died foon.

Tube fixed laterally to the left

carotide Artery.

on fuckingat the Tube,
on fucking.

5 2

4 7

3 «
4 !C*
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The Quantities How Weight

|
Nun\- Area of Area of the

feveral of Blood much in a of the ber of the tranf- tranf. Sec-

Ani- z=: to the Minute. Blood fuf- Pulfes verfe Sec- tion of af-

mals. Weight of tain'd by in a tion of de- cending

the animal the left Mi- fending Aorta.

in what Ventricle nute. Aorta.

time. contract-

ing

Minutes Pounds Pounds Square

Inches

Square

Inches

Man 34.18
17.6

4 . 3 8

9.36
5»-5 75

Horfe3d 60 ! 375 113.22 36 0.677 0.369
Ox 88 18.14 38 0.912 0.85

Ri. left

Sheep 20 4-593 36.56 65 0.094
0.383

O.O7 O.OI3
O.246

Ri. left

Dog i 1 1.9 434 33.61 97 0.106 0.041 0.034
2 6.48 37 0.102 0031 0.009
3 7.8 2.3 19.8 0.07 0.022 0.009
4 6-7 1.85 1 1.1 0.061

0.1 19
0..25 1

0.015 °«oo7

0.7 0.031
0.062 0.031

7 9-9 434 0.109
i 0.053 0.032

13.

1
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13. I do not fee, by comparing the weights

of thefe animals, and the feveral quantities

of blood which pafs thro' their Hearts in a

given time, that we can thence form any

rule that is fixed, for the proportioning the

quantities of flowing blood to their different

fees.

14. Thefe quantities in larger animals are

very difproportionate to the bulk of their

bodies, in comparifon of what they are in

leffer animals, as eftimated in this table.

1 f. But as in the bigger animals the blood

had a longer courfe to go, and muft there-

fore meet with a greater refiftancej fo we
may obferve in this table, by comparing the

perpendicular heights of the blood in the

tubes fixed to the arteries, that the force of

it in the arteries is in the main grcatcft in

the largeft animals.

1 6. And fuppoftng the blood- veffels in

the Man and Horfe to be equally diftributed

in all their homologous parts, that is, if they

are proportionable to their rcfpc&ive weights,

then the blood muft move in them reci-

procally as the times, in which quantities

of blood equal to their refpe&ive weights,

pafs thro* their hearts, viz. as 60 to 17 mi-

nutes,

17. So
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iy. So that notwithftanding the arterial

blood of a Horfe is propelled with a greater

force than that of a Man j yet it moves the

flower in the Horfe, on account of a greater

number of ramifications, and a greater length

of vefiels in the larger animal.

18. When I compared the proportion, that

the area of the tranfverfe feftions of the de-

fending Aorta bears to the flefh and other

parts which they fupply with circulating

blood, I found it to be as follows ; viz. hav-

ing cut the body of a Dog afunder at his

heart, and firft weighing each part feparately,

and then boiling them fo as to feparate the

bones from the flefh 5 the weight of the bones

being deducted from the flefh, the flefh, <&c.

of the hinder part was found to wreigh ele-

ven pounds eleven ounces; that of the fore-

part feven pounds two ounces.

1 p. Now the areas of the tranfverfe fee-

tion of the arteries of thefe five animals are

by meafurement as follow, viz.

20. In
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Aorta, defc. afcend.

jb.In the Mare—1.036-0.677-0.369!^ Computation
c\» » „;,« ~~.i « q,\ from the aboveOx —1.539—0.912— ° 8 5 found Propor-
Sheep —0.172—O.094—0.082 tion of Flelh in

Doe —0.476— 0.383—0.246

ift Dog —0.196—0.106—0.075
ith Dog —0.196—0.125—0.093
7/£Dog — 0.179—0.109—0.085

the hinder and
fore parts.

O.412

O.556

0.057

0.233
0.064
0.076
O.066

21. In this table we find that the areas of

the tran fverfe fc&ion of the defcending and

afcending Aortas of the firft Dog are nearly

proportionable to the weights of the refpec*

live parts which they fupply with blood*

and that in the Mare and Doe the difference

is not great, but greater in the Ox and Sheep.

In eftimates of this kind great accuracy in the

proportions is not to be expeded.

22. The velocity with which the blood is

thrown out of the left ventricle, being per-

formed in one third of the time between Sy-

fiole and Syjlole, the like quantity of blood

would move with an equable motion, of one

third of that velocity, thro' the orifice of the

Aorta in the fpace of time between each

Syftole.

23. Since in a man a cylinder of blood

of the diameter of the orifice of the Aorta

and 7.92 inches long, is at each pulfe im-

pelled thro* a dilatable conical artery, its

velocity
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velocity would be greatly increafed by paus-

ing thro' that narrower defilee j but the ar-

teries continually fending off innumerable

branches, the fum of whofe orifices are con-

siderably larger than the main Hems, hence

the velocity of the blood muft be proportion-

ably rebated. So that as Dr.James Keill in

his Tentamina Medico Thyfica, p. 46. has es-

timated it, the velocity of the blood at the

heart, would be to its velocity in an evane-

feent artery as 5233 to I, if it had a free un-

imbarraffed courfe thro' thofe capillary ar-

teries. And fince the velocity at its palling

from the heart to the Aorta is at the rate of

146 feet in a minute, taking one third of

that, 'viz. 43.2 for its continued equable

velocity, according to Dr. Keill's eftimate it

would move but 0.00901th part of a foot, or

0.1 1 28 inch in a minute, in the evanefcent

arteries in that time,

24. This would be its velocity there, if

the blood had as free and unimbarralTed a

courfe thro' the finer capillary arteries, as it

has thro' their larger ramifications. But by

the following experiment it is found, that the

principal obftru&ion to the progrefs of the

arterial blood is in the capillary arteries*

Experiment
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*Experiment IX.

I. Slit open with a pair of fciflbrs, from

JL end to end, the guts of a Dog, on

that fide which was oppofite to the infertion

of the mefenteric arteries and veins > and

having fixed a tube 4+- feet high to the

defcending Aorta a little below the heart, I

poured blood-warm water thro' a funnel in-

to the tube, which defcended thence into

the Aorta, with a force equal to that, with

which the blood is there impelled by the

heart. This water patted off thro' the orifices

of innumerable fmall capillary veffels, which

were cut afunder thro' the whole length of

the flit gut. But notwithftanding it was im-

pelled with a force equal to that of the arte-

rial blood in a live Dog, yet it did not fpout

out in little diftinft Streams, but only feemed

to ouze out at the very fine orifices of the

arteries, in the fame manner as the blood

does from the capillary arteries of a mufcle

cut tranfverfely.

2. Having provided a pendulum which beat

feconds, and pouring in thro' the tube

known quantities of warm water, I found

that
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that 342 cubic inches o£ water patted off in

400 feconds or 6.6 minutes.

3. Then cutting all the mefenteric arteries

afunder clofe to the guts, ^nd taking away

the guts, I found that a like quantity of water

patted thro' thefe larger ramifications of the

arteries in 140 feconds, or 2.3 minutes, that

is, in one third of the time.

• 4. Then cutting afunder the crural arteries,

which were before tied, and cutting off the

mefenteric and emulgent arteries clofe to

the Aorta, a like quantity of water patted

thro' this thus cut Aorta in 0.308 minute,

that is in -^4, or 0.0467th part of the time, in

which it patted thro' the capillary arteries of

the flit guts.

5-. There being 342 cubic inches which

patted thro' the capillary arteries of the flit

guts in 6.6 minutes, that is, thirteen pounds,

if it were blood, or 1.969 pound in a mi-

nute : And it being eftimatcd in the table, p.

43. that 4.34 pounds of blood were thrown

out of the heart of the Dog, Numb. 1 . in a

minute, the above-mentioned 1.969 pound

is 57T =0.45-4^1 part of what paffes the heart

in that time.

E 6. But
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6. But on weighing all the flefliy and other

membranous parts of another Dog, thro'

which the arterial blood paffes, that is, ex-

cluftve of the bones and lungs, I found the

whole weight to be eighteen pounds eleven

ounces, of which the flit gut weighing one

pound two ounces, was therefore 7^ or

0.06th part of the whole : And there going

4.J4 pounds out of the heart in a minute,

and 1.5)65) pounds paffing the mefenteric

artery in the fame time, and the (lit gut

weighing but 18 ounces, and all the parts of

the body weighing 299 ounces, or 18 pounds

11 ounces 5 therefore 1.965) pounds pafs thro'

18 ounces, whilft 2.371 pounds pafs 281

ounces, (for 4.34,-1.969= 2.371, and 299
-18= 281) but 1^2=0.1094 and -^-f-14

=0.008474 and o. 1094 : 0008474 : : 1 2.91 : 1

.

So that bulk for bulk there paffed 1 2.91 times

more water thro' the arteries of thefe flit guts,

than thro' the reft of the arteries of the body,

and that with a force no greater than that of

the heart.

7. Which may reafonably be attributed to

thefe feveral caufes; as to the much greater

fluidity of water than of vifcid blood, to the

more relaxed ftate of thefe arteries in the

dead
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dead than in the living animal ; for the/ the

arteries and veins of a dead animal being then

freed from the diftending force of the blood

do contraft, yet with equal forces, thofe of

the dead animal will dilate more than thofe

of a live animal : But this more plentiful

flow of water is principally owing to the

great difference there is in fize, between thefc

cut capillary arteries, and the fuceeding le-

ries's of exceeding fmall ramifications, and

that at right angles, thro' which the blood

paffes in its further progrefs towards the veins:

As alfo to a want of the refiftance of the ve-

nal blood, which rifing fix inches in the tube

fixed to the jugular vein is j^22 or 0.075-th

part of the force of the arterial blood, and

muft therefore proportionably retard its mo-

tion.

8. The diameters of the cut orifices of the

arteries thro' which the water pafTed off, were

at a medium, one with another, equal to

twice the diameter of a hair 5 which Dr. Ju-

rin, by an accurate eftimation, found to be

j^th part of an inch 5 hence thefe arteries,

which are ~t inch diameter, as they branch

off from the mefenterics, fpread themfclves

alternately oi> each fide of the guts $ whence

E 2 meeting
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meeting again, their inofculating branches

form Areola's like thofe that are on the

leaves of trees : And from thefe thus con*

verging arteries and fap-veffels, there branch

off nearly at right angles, without converg-

ing any more, much fmaller arteries, and

from thefe others again, both at right angles,

and l&e the fpread fingers of a hand, in fuc-

ceflive feries's in their progrefs towards the

veins.

9. The diameters of the firft feries's of

thefe unconverging branches, may in a piece

of gut well inje&ed with vermilion, be ob-

ferved to be of feveral fizes from ~ to \ of

the arteries whence they rofe, and the fuc-

ceeding ones finer and finer to nearly j^xh
part of ah inch, that is fo fine, that only

iingle blood globules can pafs them into the

veins -, here therefore fo vifcid a fluid as the

blood muft needs meet with a very great re?

fiftance.

10. Thefe reticular converging arteries, by

being thus inofculatcd into each other, both

prevent obftru&ions in them, and alfo there-

by the mod plentifully fupply the next ferics

of rectangular branches with blood 5 for if

the blood had entered the converging arteries

only
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only at one end, its velocity would thereby

have been more retarded in going the whole

length, than half the length of thefe converg-

ing arteries; by thefe innumerable conver-

geneies of the arteries, the blood is more

blended and mixed, as is plain to be feen in

the lungs of Frogs,

11. From this Experiment we fee how
greatly the velocity of the water is retarded

in palling thro' the fevpral branchings of the

arteries, notwithftanding the fum of the areas

of their tranfverfe fe&ion is confiderably

greater than that of the Aorta. And this

retardation muft be (till greater to the blood

which is both a groffer and more vifcid fluid

than water, and that efpecially in the extreme

capillary arteries which branch off a: right

angles, and which are about t^Vs^1 Part of

an inch in diameter, fo fine that only fingle

globules of blood can pafs them.

12. And to thisrefiftance which the blood

meets with in pafling the capillary arteries,

is owing the great difference of the force of

the blood in the arteries to that in the veins,

viz. as 10 or 12 to 1.

13. For tho' the velocity of the blood at

its firft entrance into the Aorta
y
depends on

the proportion the area of its orifice bears to

E 3 the
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the quantity thrown into it at each SyJlole>

and alfo on the number of thofe Syjloles in

a given time : Yet the real force of the blood

in the arteries, depends on the proportion,

which the quantity of blood thrown out of

the left ventricle in a given time, bears to

the quantity which can pafs thro* the capil-

lary arteries into the veins, in that time.

14. But the refiftance which the blood

meets with in thofe capillary paffages, may
be greatly varied, either by the different de-

grees of the vifcidity or fluidity of the blood*

or by the feveral degrees of conftri&ion or

relaxation of thofe fine veffels > inftances of

which may be feen in Experiments XV,XVI,
XVII, XVIII.

1 f. And as theftate of the bloqd or blood-

vefiels is in thefe refpe&s continually vary-

ing from divers caufes, as motion, reft, food,

evacuations, heat, cold, &c. fo as probably

never to be exa&ly the fame any two mi-

nutes, during the whole life of an animal^

ifo nature has wifely provided, that a conftder-

able variation in thefe, fliall not greatly dif-

turb the healthy ftate of the animal,

16. We may make a pretty near eftimate

of the force of the blood in the capillary vef-

fels in the following manner 5 viz. taking

|hs
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the diameter of a blood-globule to be as

.

above,
3 2

'

4-oth part of an inch ; which Leeu-

enhoeck has obferved to be of the fame fizc

both in fmall and great animals; and allow-

ing thefe capillar)' veflels to be a fmall
#
fizc

larger than the globules, which fwmi in and

are carried along by thcSerum which furrounds

them on all fides, we may therefore well

fuppofe one of thefe veflels to be double the

diameter of fuch a globule, viz. tsW1 Part

of an inch, or 0.000617 5 the periphery there-

fore of this vefiel will be 0.001939, and its

area 0.000000298 ; which multiplied by 80,

the number of inches to which the blood

rofe in the tube when fixed to the artery of

the Dog, Numb. 1, gives 0.000239 parts of

eighty cubic inches of blood, or of 21416

grains, equal to o.fi ^ parts of a grain. But

the refiftance of the blood in the veins of the

fame Dog being found equal to fix inches

height, or Tjm^ or °-°75 Parts °f eighty

inches, this l3 'jj d part =0.03039 being de-

duced out of o.yn8 parts of a grain, the

remainder 0.4734 grain is the force with

which the blood would be impelled into

fuch a capillary by a column of blood of

eighty inches height, fuppofing it were in a

(tagnant ftate 5 to which alfo muft be added

E 4 the
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the velocity which the blood has acquired at

its firft entrance in the capillary veflcl, which

can be but fmall, as appears by the great re-

fiftance it meets with in the capillary veffcls,

in this IXth Experiment, Numb. 18. whence

we fee, both from experiment and calcula-

tion, that the force of the blood in thefe fine

capillaries can be but very little 5 and the

longer fuch capillaries are, the flower will

the motion of the blood be in then?.

17. It is obferveable, that thefe parallel

arteries are not as in the bowels, lungs, and

other membranous parts of the body, inter-

mixed with correfponding fimilar veins i but

two different feries's of thefe arteries, arifing

at right angles from larger arteries, one ferjes

from the upper, and the other from the lower

p^rts of the mufcles, their parallel arteries do

mutually and alternately intermix j whereby

the blood is conveyed in them alternately up-

wards and downwards, and thence flows at

right angles into the veins.

18. From this very fmall force of the ar-

terial blood among the mufcular fibres we may

with gQod reafon conclude, how fhort this

force is of producing fo great an effeft, as

that of mufcular motion s which wonderful

and hitherto inexplicable myftery of Nature,

niftft
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mud therefore be owing to fome more vigo-

rous and active energy, whole force is regu-

lated by the nerves : Bur whether it be con-

fined in canals within the nerves, or acts along

-their furfaces like electrical powers, is not;

ealy to determine.

19. That a vibrating electrical virtue can

be conveyed and freely act with confiderablc

energy along the furface of animal fibres, and

therefore on the nerves, is evident from curi-

ous experiments, made by that skilful and in-

defatigable experimenter Mr. Stephen Gray,

of which he has given an account in the

Thilofophical Tranfactions, Numb. 417.

4225 where he fhews that electrical virtues

from a glafs heated by rubbing, will not only

be conveyed along the furface of lines to very

great lengths, but will alfo be freely con-

veyed from the foot to the extended hand of

a human body fufpended by ropes in a hori-

zontal pofture in the air -, and alfo from tUat

hand to a long fifhing-rod held in it, and

thence to a firing and a ball fufpended by it:

And alfo that an eledtrical virtue may be car-

ried along a furface of water.

70. And it has been frequently obferved,

that when fome part of tic body has upon

jtching been gently fcratched by the Nails,

there
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there has at the fame time been felt in a di-

&mt part, a very pungentJiimulus or fenfa-

tion anfwering exa&ly ftroke for ftroke to the

a&ion of the fcratching Nails. Thus parti-

cularly, on fcratching a fmall pimple, a little

below the right knee on the outfide, a like

pungent fenfation has been felt on the left

fhoulder-blade, and fometimes on that arm

fome inches below the fhoulder : And vice

verfa the right fhoulder or arm has in like

manner been affe&ed, when the fcratching

has been made near the left knee, but this

effed does not always follow : There are

many inftances of the fympathy of the

nerves.

21. That the animal Spirits, whether they

a& within or on the outfides pf the nerves,

3te elaftic, feems probable not only from

their great activity and energy j but alfo from

the fudden and ftrong effects that fulphureous

vapours, which are known to deftroy elafti-

city, are found by experience to have on

them. Thus the fumes of burning brimftone

will inftsntly deprive all animals whatever of

life : Thus alfo the fubtile and moft penetrat-

ing fumes of fermenting fpirituous liquors,

^rc known either to ftrike thofe inftantly

4t%\
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dead who fmell to them, or to infatuate or

render paralytic for life, thofe who fmell to

them in lefler degrees. Thus alfo the ful-

phureous foetid fumes of burnt feathers, &c.

have an effect on the difordered fpirits of

thofe who are in fits. Thus alfo AJfa Fee-

tida y Caftor, &c. which abound with a fub-

tile fulphur, are found to be friendly to the

fpirits of the hyfteric 3 as on the contrary arc

many fumes mod pfFenfive to the fpirits of

others.

2 2. If the skin be flead off the belly of a

live Frog, and the Abdomen opened on each

fide
?
fo as that its ftrait mufcics may by draw-

ing a little on one fide, have a ftrong focal

light caft on the inftde of them ; if in this

pofture thofe mufcles be viewed thro' a good

microfcope, the parallel fibres of the mus-

cles are plain to be feen, with the blood run-

ping alternately up and down, between each

fibre, in capillary arteries fo fine that only a

fingle globule can pafs them. If the mufcle

happens to ad while thus viewed, then the

fcene is inftantly changed from parallel fi-

bres, to feries's of Rhomboidal Tinnul£y

which immediately difappear as foon as the

jnufclc ceafes to ad. It is not eafy to get a

fight
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fight of this moft agreeable fecne, becaufe

that on the aftion of the mufcle, the object

is apt to get out of the Focus of the micro-

fcope } but thofe who are expert in the ufc

of thofe glaffes may readily move them ac-

cordingly. I have found fmali Frogs beft for

this purpofe, viz. fuch as are not above -j or

% of their full growth. Stimulating the foot

of a Prog, will fometimes make it contrad

thefe mufcles- The Prog mu(l be fixed in a

proper frame. If repeated obfervations were

made on the mufcles thus in attion, it might

perhaps give fome farther infight into the

nature of mufcular motion.

23. It may not be improper here to take

notice, that having about twenty-feven years

fince, read the unfatisfa&ory conjeftures of

fcveral, about the caufe of mufcular motion,

it occurred to me, that by fixing tubes to the

arteries of live animals, I might find pretty

nearly, whether the blood,by its mere hydrau-

lic energy, could have a fufficient force, by

dilating the fibres of the a&ing mufcles, and

thereby fhortening their lengths, to produce

the great efFe&s of mufcular motion. And
hence it was, as I mentioned in the preface

to the fi^-ft vol, that I \vas infenfibly led op

frotn
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1

from time to time, into this large field of fta-

tical and othex experiments. Whence we fee

what great encouragement we have to fpur

us on in thefe purfuits 5 fince the wonder-

ful works of the great Author of Nature are

fo fruitful in furnifhiug us, from its inexhauft-

ible fund, with frefh matter for our re-

fearches, and thence with the inexpreflible

delight, of new and farther and farther mo-

tives to adore and praife our All-glorious

Maker in his works.

Experiment X.

1. \\ TE fee in the foregoing experiment

VV how very much the velocity ofthe

blood is retarded, in its paflage from the great-

er, to the leffer arteries in the guts, notwith-

ftanding the fum of the diameters and areas of

the lefler do considerably exceed thofe of the

greater. So that the blood in palling thro'

the mufcular, the membranous, and other

parts of the animal, mult be carried on with

innumerable different degrees of velocity, and

confequently in different quantities, thro' dif-

fimilar parts : But in the lungs efpecially this

difference is remarkably great ; for fince the

whole blood of the animal inceffantly pafTes

thro'
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thro* thertii by comparing the proportion,

which the quantity of the lungs bears to

the reft of the body, we may make fome eC

timate of the great difference of the velocity

of the blood in each.

2. I cut the body of a fpaniel Dog afun-

der juft at the heart, having firft taken out

the lungs; the fore part weighed eight pounds

fix ounces, the hinder part twelve pounds

eleven ounces, the ftomach and guts, being

wafhed clean, weighed one pound two ounces*

5. 1 boiled the whole Dog fo long as to

make the bones cafily feparate from the flefh;

they weighed two pounds four ounces, which

being dedu&ed from twenty-two pounds three

ounces, the whole weight of the Dog, there

remain nineteen pounds fifteen ounces, for

the weight of the flefh, bowels, skin, mem-
branes, &c. The Dog was not fat, but allow-

ing feven pounds fifteen ounces for fat and

hair, thro* which the blood does not circulate,

there then remain twelve pounds of fub-

ftance, thro* which the blood may reafonably

be fuppofed to circulate freely.

4. The wind-pipe being cut off clofe to the

lungs, they weighed fix ounces two drams,

that is yi^th part of the twelve pounds.

f. The
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f.
The whole blood is inccflantly circulat-

ing, tho* not with equally numerous revolu-

tions, thro' all the parts of the twelve pounds;

but doubtlefs with vaftiy greater rapidity thro*

the lungs, than thro' other parts of the body.

6. If, according to the cftimate under Ex-

periment VIII, 4.34, pounds of blood pais

thro* the heart in a minute, then the fame

quantity muft alfo pafs in the fame time thro*

the lungs, fince the left auricle and ventricle

are fupplied from thence wkh blood.

7. The fum of the furface of all the ve-

ficles of the lungs of a Calf, were eftimated

Vol. I. p. 242. to be equal to 40000 fquare

inches, whence in proportion to their weigh^

thofe of this Dog muft be equal to 1 2 1 2

1

fquare inches : And as there were found in

Exper. VIII. 4.34 pounds or 113.684 cubic

inches of blood to pafs thro* the left ventricle

of that Dog, thefe cubic inches divided by

-^ part of an inch, or 0.000617, the dia-

meter of the fine capillary veflels, the produft

is 194252 fquare inches, which that quan-

tity of blood would fpread into. Thefe di-

vided by 1 2 1 2 1, the number of fquare inches

in the veficles of the lungs, give 1 7.2, fo that

they are irr2d part of the expanfe of the

blood : And allowing one half of thefe for

the
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the fpacc between the cavities of the blood-

veflels, then the fum of all the cavities of
thofe veflels will be -^th part of the whole

expanfe of the. .4.34, pounds of blood; and

confequently a quantity of blood equal to

30.4 times the capacity of thofe veflels muft

pafs thro' them in a minute. Whence we
fee, by this calculation, as well as by the

above-mentioned fmall proportion that the

lungs bear to the reft of the body, that the

velocity of the jblood muft needs be very

much accelerated in them.

8. When we view in a ftrong light the

blood circulating in the lungs of a Frog, we
fee the arteries as they pafs on, fending

branches, which fpread like. a fine net-work

over the furface of each veficle j and on fome

of thefe veficles we may veryj>lainly fee, the

blood when it has pafs'd over little more

than half their furfaces, to enter correfpond-

ing capillary veins,which thence unite in large

trunks 5 but on the greateft part of the ve-

ficles, the extreme capillary arteries reach ro

the verges of the veficles, and there enter at

right angles the veins, which run along the

limits of thofe veficles 5 which veins lying

on the inner fides of thofe veficles, they are

not vifible like the arteries: But when in here-

and-
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and-there a place I have clearly fcen thofe

veins, I have then alfo fcen the extreme ca-

pillaty arteries pour at right angles their

fingle globules into thofe much larger veins;

agreeable to what I faw in the inje&ed vef-

fels in Exper. XXI. Numb. 8.

9. Now by this means the blood has a

much freer parage thro* the lungs, where

it is requifite for it to move with much greater

velocity than in other parts of the body-

whereas in fome, if not all the mufcles, by

entering the finer capillary vefTcls at right

angles, its velocity is much retarded. 1 have

obferved, that where a long capillary artery

branches off at an acute angle, there the

velocity of the blood is many times greater

than where it branches off at right angles;

which plainly fhews the great degree of re-

tardation which the blood fuffers by its paff-

ing off at right angles. And this retardation,

which was necefTary in order to prevent the

blood's pafling too freely, muft be very con-

siderable, where it fucceffively pafTes feveral

times at right angles, as in the bowels, urine

and gallbladders, and other parts of the

body. On which account, as well as on
account of the greater length of the arteries,

a greater impelling force was necefTary to

E drive
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drive the blood thro' the great artery, and its

ieveral branches, than thro' the lungs 5 and

accordingly the left ventricle of the heart is

made much ftronger, thereby to impel the

blood with a greater force than the right

ventricle does.

10. On comparing the different velocities

of the blood in the mufcles,* and in the lungs

of a Frog, I found that the blood moves in

the parallel cylindrical capillary arteries in

the ftrait mufcles of its abdomen, at the rate

of 7%th of an inch in nine feconds of time,

that is, at the rate of an inch in ninety fe-

conds, or one minute and a half.

1 1

.

But the blood flowed in the capillary

converging arteries of the lungs with a much
greater velocity, viz. i%th of an inch in the

time of eight beats of a watch, which beats

i6ooo times in an hour, that is, in 1.8th

part of a fecond ; and there being 40 beats

in nine feconds, thefe eight beats of the

watch are jth part of the above-mention'd

nine feconds, fo that the velocity of the

blood in the Frog's lungs was five times

greater than in its mufcles.

12. And I obferved, that the motion of it

thro' the lungs was fo free, that I could not

only fee it fenfibly accelerated at each Syftole

in
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in the fined capillary arteries, but alfo in their

correfponding capillary veins, tho' not in their

larger trunks.

13. And as a Frog's heart has but one

auricle and ventricle, the blood is thrown

by the fame ventricle, at the fame inftant,

both into the lungs and all over the bodyj

then fince its velocity is, in arteries of equal

diameters, five times greater in the lungs

than in the mufcles, notwithftanding it is

impelled by one common impetus 5 this evi-

dently fhews, that it muft have proportion-

ably freer paflages through the lungs 5 and

confequently, fmce it has a freer paffage, the

heat which it there acquires, by fri&ion againft

the coats of the veffels, will not be increafed

in proportion to its greater velocity there,

than in other parts of the body, but in fome

other intermediate proportion s for as the

blood meets with greater refiftance in palling

from the arteries to the veins in other pans

of the body, fo, were its velocity equal in all

parts of the body, it would acquire the

greateft heat, where it met with the greateft

refiftance and friction, which would not in

that cafe be in the lungs : But as the velocity

of the blood in the lungs is found to be

much greater than elfewhere, fo doubtlefs it

I 2 there
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there acquires its greateft heat > yet in other

parts it acquires fome, more or lefs in pro-

portion to its different degrees of velocity

and fri&ion.

14. I obferved above, Numb. 8. that tho'

on fome veficles of the lungs, each extreme

capillary artery had a correfponding capillary

vein, into which the blood pafles $ yet I found

that many of the extreme capillary arteries of

other veficles emptied themfelves at right

angles, thro' the fides of much larger veins s

the fame 1 alfo found by injc&ions in Exper*

XXI. Numb. 8. Whence we may conclude,

that though anatomifts have juftly obferv'd,

that the number of veins in feveral parts of

the body are near double to the number of

arteries, yet this cannot hold true, when we

compare the numbers of the extreme capil-

lary arteries and veins; for thofe of the ar-

teries muft needs, for the above-mentioned

rcafons, far exceed thofe of the veins in num-

ber.

1 y. I fhall hence take occafion to attempt

an eftimate, tho' a very inaccurate one, of

tic number of extreme capillary arteries in

a Mans body, in the following manner; ^7^.

The length of the cylinder of blood thrown

into the Aorta at each SyfioU of the heart

was
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was found 3.9 inches, in Exper. VIII. Numb.
8. the length thrown out therefore in the 1

5-

pulfcs of a minute is 292. 5 inches. The

length palling through the capillary arteries

of the mqfcles of a Frog, Numb. 10. in

nine feconds, is p.i inch, and in a minute

0.66, which is to the length palling through

the Aorta at the fame time as 1 to 292.5-:

But fince equal quantities of blood pals thro'

the Aorta and the capillary arteries at the

fame time, therefore their areas muft be in a

reciprocal proportion to the lengths parting

through them. Now the area of the Aorta

is 0.4187, which being multiplied by 292.5-

gives the fum of the areas of the capillary

arteries, viz. 12 2.4697 5-5 which divided by

0.0000298 the area of one capillary artery,

gives 4109723 the whole number of all the

extreme capillary arteries. And if, according

to Dr. Harvey and Dr. Lower, double that

quantity of blood be thrown out at each

Syjloley
then the number of extreme capil-

lary arteries will alfo be double that number,

viz. 8219446. And if the velocity in the

lungs be five times greater, as was found in

the Frog, Numb. 11. then the number of

extreme capillary arteries there will be

1643889.

F j 16. And
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16. And how vaftly more numerous are

the many branchings, windings and turnings

of the arteries and veins, how innumerable

the lymphatic vefTels, and fecretory du&s ! and

thefe all adjufted and ranged in the mod exadt

fymmetry and order, to ferve the feveral pur-

pofes of the animal oeconomy ! So curioujly

are we wrought', fo fearfully and wonder-

fully are we made I

Experiment XL

I. A S to the force with which the blood

jlJL is impelled from the right ventricle

of the heart into the pulmonary artery, it

feems impracticable to attempt the finding of

it, by fixing a tube to that artery, in the

fame manner as to the carotid and crural ar-

teries of living animals, becaufe the animal

muft needs die while it is doing.

2. The area of the tranfverfe feftion of

the pulmonary artery being in one part, be-

fore it divaricates into branches, of the fame

dimenfion with the orifice of the Aorta,

the velocity of the blood in that part may be

accounted the fame as in the orifice of the

Aorta. But tho' the quantities and velocities

pf the blood, inpaffing out of both ventricles,

be
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be the fame, yet it does not thence follow,

that their cxpulfive forces muft be both the

fame : For if the blood, in patting into the

pulmonary artery, finds lefs refiftance from

the preceding blood, than the blood does in

entering into the Aorta, then a lefs force will

expel it out of the right ventricle with equal'

velocity 5 and accordingly, as there is not fo

much force required to drive the blood thro*

the lungs, as thro' the reft of the whole body,

fo we may obferve, that the fubftance of the

mufcle of the right ventricle has not near

the thicknefs of that of the left. The fol-

lowing experiments and obfervations may
give us fome light into this matter; viz.

3 1 fixed a glafs tube to the pulmonary

artery of a Calf's lungs, and then thro' a

tunnel poured warm water into it; then with

a large pair of bellows fixed to the wind-pipe,

I alternately dilated the lungs, to try if by

that means the water would pafs into the

pulmonary vein : But I foon found myfelf dif-

appointed; fof the water flowed fo freely, from

the capillary arteries thro' the tunicles of the

yeficles, into the veficles themfelves, and

thence into the Bronchia, as to flow plenti-

fully thro' the wind-pipe, when it hung down

in ^ depending pofturc. At firft I fufpc&ed

F 4 thai
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that the force of the water, which was four

feet high, in the tube affixed to the artery,

micht have buift the thin blood-veflels 5 but I

found it the fame in feveral trials, on the

frefh warm lungs of Sheep, Oxon and Calves,

even when the perpendicular height of the

water of the tube was lefs than a footj and

doubtlefs the force with which the blood is

thrown into the lungs by the right ventricle

of the heart, is greater than this.

4. And that fofmail a force of water could

not burft the blood-vcfTels, I was allured by

the following experiment 5 viz. I diffolved

four ounces of nitre in a pint of hot water,

into which water there flowed from the gut

throat of a Calf, a quart and a quarter of a

pint of blood, which was kept in a diluted

ftate by the nitrated water. Having then

fixed a tube, which was two feet long, to the

pulmonary artery of the above-mentioned

Calf's lungs, I poured gradually into the

tube, of the nitrated blood, as much as the

artery and its ramifications would contain,

which was near a quart, none pafling, that I

could perceive, into the pulmonary vein.

The lungs were much dilated, and looked

very red : But notwithftanding the perpendi-

cular
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cular height of the blood in the tube was

two feet, yet no blood patted thro' the tuni-

cles of the veficles, into the veficles and

Bronchia 5 for when the wind-pipe was held

downwards, nothing flowed out but a white

froth; a plain proof that when the water was

lefs than a foot perpendicular in height, in

the foregoing experiments, it did not forci-

bly break thro' the blood- veflels, but muft

pafs thro' pores which were too fine for the

globules of nitrated blood to pais : Thofe

pores being perhaps fomething larger in the

lungs of a dead animal, than when alive j for

upQn death all the fibres of the body are re-

laxed. When I cut a flafh into the fubftance

of the lungs, the nitrated blood freely flowed

out.

f. And that the capillary arteries were not

burft by the force of the water, feems farther

probable from hence ; viz. I fixed a tube

five feet long to the pulmonary vein of a

Frog's lungs, and poured in warm water,

which neither flowed into the pulmonary

arteries, nor among the Bronchia ; an argu-

ment that this force did not burft the veins,

which, fome anatomifts fay, have no valves

in them.

6. When
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6. When I fixed the fame tube to the

wind-pipe of thofe lungs, and poured in

water, it paffed thro' the Bronchia, and ran

out of the orifice of the pulmonary artery,

but not above one fifth fo faft, as when its

courfe was the reverfe, viz. from the pul-

monary artery to the Bronchi£, in which

cafe it run at the rate of a pint in a minute.

Yet when air was blown into the cavity of

the lungs, thro' the wind-pipe, none paffed

thence, either into the pulmonary artery or

vein.

7. Another time I try'd alfo whether the

thin ferum of a Hog's blood would pafs from

the pulmonary arteries, thro' the correfpond-

ing veins of the lungs, of the fame Hog,

which lungs were kept warm in water ; the

ferum paffed moft freely thro' into the Bron-

chia, but not into the veins.

ExPERIME NT XII.

I. "f;

r
Made an incifion of two inches length

X between the ribs into the Thorax of a

Dog, on the right fide. At firft opening, the

lungs were dilated fo as to fill up the cavity

pf the Thorax 5 for they preffed againft the

inward orifice of the wound, and continue^

in
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in this ftate for feme time : But then, as this

right lobe of the lungs fell gradually more

and more, fo the Dog fhewed more and more

uneafinefs in breathing ; and on dilating or

contra&ing the Thorax by the action of the

'Diaphragm, the air rufhed briskly in and out

at the incifion : But when the orifice was

covered by drawing the skin over it, the

Dog immediately breathed in a natural cafy

manner.

2. Hence we may obferve, that the lungs

continuance in a dilated ftate, for fome time

after the orifice was made, muft be owing to

the force of the blood in the pulmonary ar-

tery, in the fame manner as the nitrated

blood in Exper. XI. Numb.^,. dilated thofe

lungs. For fince the fubftance of the lungs

is of a very flaccid nature, they muft needs

collapfe, when the air equally prclfcd on

them both within and without.

3. Hence alio we fee that this dilatation

of the lungs, which arifes only from the

force of the blood in the pulmonary artery,

is not alone fufficient to promote the paflage

of the blood thro' them 5 but there is alfo

requifite a farther dilatation of the coats of

the veficles with infpired air; thereby pro-

bably to unfold the corrugated extremities of

the
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the arteries and veins, and fo to give the

blood a freer courle thro* them. For tho* in

experiment the firft, it was obferved, that on

deep fighing> that is, on much dilating the

lungs, the force of the blood in the Horfe's

arteries was greatly increafed, which was oc-

cafioned by the blood'? flowing more plenti-

fully thro' them when they are dilated than

when fallen ; yet we cannot hence infer, that

the blood flows more freely thro' them alfb

when they are thus dilated by the force of the

airteriai blood, without the joint dilatation

alfo by the infpired air.

4. But when, for want of this dilatation of

the veficles by the air, the blood's free courfe

was in this Dog thus retarded, it muft needs

therefore flow in much lefs quantity to the

left ventricle of the heart j which being thus

deprived of a fufficient fupply, the force of

the whole arterial and venal blood of his body

muft be proportionably rebated ; and confe-

quently a lefs fupply coming from the veins,

to the right ventricle of his heart, the force

of the blood in the pulmonary artery being

much abated, fo as not to be fufficient to

dilate the lungs, they collapfe : So that if a

tube had at the fame time been fixed to one

of the carotid arteries of this Doga no doubt

but
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but the blood would have fubfided confider-

ably in the tube.

f.
But when on draining, the Dog, by the

joint a&ion of all the mufcles of his Abdo-

men, thereby comprefied the venal blood fot-

cibly up into the afcending Vena Cava, the

right ventricle . of the heart being thereby

more plentifully fupplied with blood, im-

pelled it alfo more forcibly into the pulmo-

nary artery, fo as to make the collapfed right

lobe of the lungs inftantly to dilate fo vi-

goroufly as to pufh the lower part of the lobe,

one, two, and fometimes three inches length

out thro' the incifion 5 and that after he had

loft half a pint of blood. But when more than

half of his blood was evacuated, then the right

lobe did no more dilate on his {training.

6. Hence there does not feem to be fo

much danger as has been imagined in the *Pa-

racentejis or incifion into the thorax, in order

to take away an abfeefs, &c. for tho', while

the orifice was open, this Dog breathed with

difficulty, yet the left cavity of the thorax be-

ing by means of the Mediaflinum ftill clofed,

the left lobe of the lungs play'd to and fro to

fuch a degree, that the Dog breathed enough

to keep up the circulation of the blood for

more than a quarter of an hour, that I purpofely

try'd:
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try'd : And the uneafinefs in breathing not in-

creafing in fo long a time, it is reafonable to

believe, that he would have lived in that man-
ner, for fome hours. But if the left cavity of
the thorax had alfo been open at the fame time,

he would doubtlefs have died foon. Now
fuppofing one cavity of a Man's thorax to have

been opened, and the operation that was
thereby intended, performed 5 if juft before

the incifion be clofed up, the Man be made
to drain, and thereby ftrongly contrad all the

Mufcles of his Abdomen, the fallen lobe ofthe

lungs will then immediately dilate; upon which

the orifice being inftantly covered with a plai-

fter, the Man will then breathe as free as ever.

G)u. Will ftrongly girding or compreffing the

Abdomen do the fame thing ?

7. But in cafe the lungs themfelves are

pierced with a fword or bullet, then this ffrain-

ing muft needs be hurtful, becaufe it will much
increafe the efFufion of blood.

8. Hence we may fee how dangerous it is

for thofe, whofe lungs are fo weak as to be

fubjeft to break, to ufe ftrong exercife or mo-

tion; for when a Man either (trains, or is

ufing any violent exercife, fo as either to have

the blood impelled more forcibly into the

right ventricle, or by running, &c. to have

that
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that ventricle beat, inftcad offeventy-five times
one hundred and twenty times in a minute'
then the blood muft needs be very forcibly im-
pelled into the lungs.

9. In which cafe the blood being greatly

accumulated in the pulmonary artery, the
lungs will confequcntly be confiderably di-

lated, fo as to fubfidc but little in expiration %
which may be the caufe of thole linall, but
quick infpirations and expirations, whichMen
make in ftrong or quick motions. This is what
thofe whofe lungs are confiderably wafted, or
otherwife defettive, are but too fenfible'of,

eveninafmall degree of motion } for in this
cafe, the natural courfe of the blood thro' the
defeftive lungs being much retarded, there
isimmediatelyagrcat accumularion of blood
in the pulmonary artery, occafioned by the ac-
celerated pulfcs of the heart : The capacity
of whofe right ventricle Ls proportioned to a
found ftate of the lungs, as all the parts of
an animal, both folid and fluid, arc in -

healthy ftate, admirably tempered and ad'apted
to each other, but in a defective ftate of the
lungs they ate too eafilyfureharged with blood
fo that the unhappy perfon is ready to be
choaked\; that is, the blood does with very
great difficulty, and in but final! quantities,

pafs
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pafs the lungs* to fupply the demands of
the left ventricle of the heart, without which,

lifeinftantly ceafes.

10. There is probably alfo the like accu-

mulation of blood in the pulmonary artery,

in pleuritic cafes, when the blood by its

fizinefs does with difficulty pafs, tho* impelled

with fuch force as to difterid the veffels, and

thereby caufe pungent flitches. Orie reafon

why the effefts of a fizy blood are ufually

fooner felt in the lungs or Tleura, than in

other parts of the body, may be this j viz.

by Exper. CXlll. Vol. ift,^. 2 jj. it was found,

that when a gauge was fixed to the thorax of a

live dog, the fpirit of wine rofe in the gauge,

about fix inches in ordinary infpirations, and

twenty or thirty inches in laborious in-

fpirations; whence it is evident that there is

then fo much lefs prefliire of air in the Tho-

rax, both on the Pleura and Surface of the

lungs 5 the confequence of which is, that more

blood will at that time flow into the veflels, as

they are then lefs comprefled by air, as is the

known cafe in cupping ; and which is further

evident from the following experiment, viz.

I flit holes thro' the intercoftal mufcleson each

fide of the Thorax of a Kitten, and then

placing it under an air-pump receiver, it was
•'' killed
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1

killed in vacuo ; when on opening the Tho-

rax I found the lungs very red with coagu-

lated blood, which had flowed more freely

into its blood-veflcls, on the weight of the

atmofpherc being taken off of its veficles, both

within their cavities, and on the fides next

the Thorax: Whereas, if a Kitten be killed

in vacuo, without having orifices made into

its Thorax, the lungs will in this cafe be very

white ; for while the air is drawn away from

the veficles thro' the Bronchia^ the air which

is included in the cavity of the Thorax, being

diiated, compreffes the lungs, and alfo the

blood out of its veflels, on which account

they are in this cafe found to be white. And
that the air in the Thorax thus comprefles

the lungs in vacuo, is evident hence, viz.

If the body of a Kitten, as foon as killed, be

cut afunder, juft below the Diaphragm, and

a weight be then tycd to the head, fo as

to make that obtruncated part fink under

water, if in this pofition it be placed in va.

cuo, the Diaphragm will dilate conftderably,

and fubfide again, as foon as air is let into

the receiver, and it will be the fame if not

immerfed in water: A plain Proof that there

is air in the cavity of the Thorax, which

while it thus, by its expanfion, dilates the

G Diaphragm,
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Diaphragm, muft needs at the fame time com-

prcfs the lungs, in which date they are

found on opening the Thorax: Whereas,

lungs taken out of the Thorax do dilate in

vacuo, and continue fo when air is let into

the receiver. Another reafon why the ill

effe&s of fuch ftzy blood do probably fall

fooner on the lungs than on other parts, is,

becaufe much greater quantities of blood do,

in proportion to their bulk, pafs in equal

times thro' the lungs, than thro' any other

part of the body, and confequently a too vif-

cid ftate of it will fooneft be felt there j or

in the Tleura, where anatomifts obferve that

the blood has alfo a very free and fhort cir-

cuit, by the intercoftal arteries, and thence

thro' the Az,ygos vein to the heart: On
which account there being alfo a very plen-

tiful flow of blood into the Tleura, the ef-

fects of its fizinefs are frequently firft felt

there i and that oftner on the left than the

right fide : Probably becaufe the Aorta lying

oil the left fide, the blood is thence impelled

With greater force, into the fhorter left, than

into the longer right intercoftal arteries.

Which inconvenience, as is well known, is

often greatly rebated by decreafing the quan-

tity of blood in bleeding. And thus alfo in

plethoric,
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plethoric, afthmatic and other cafes, the

lungs are often immediately very fenfibly re-

lieved by abating the quantity of blood.

11. The ftrong cord- like beatings of a pleu-

ritic pulfe have by fome been attributed to the

crifping of the fibres of the coats of the ar-

teries by the pleuritic heat; but it feems to

be more probably owing to the fizinefs of

the blood, which on that account pafling

with greater difficulty the capillary arteries, it

muft confequently be more accumulated there,

by the impelling force of the heart. So that

if a glafs tube were fixed to the arteries of a

pleuritic animal, it would probably mount
much higher than in a healthy ftate of the

animal, efpecially in the beginning of the

diftempcr, before the vital ftrength be im-

paired.

1 2. Thofe whofe bufinefs it is to fpeak long

aloud in public, do very fenfibly find the

difference before and after dinner, in which

cafe it is much more laborious to fpeak, the

lungs being incommoded with a greater quan-

tity of blood then accumulated in the pul-

monary artery.

13. And as it was before obferved, that the

dilatation of the lungs greatly promotes the

free paflage of the blood through them, and

G 2 thereby
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thereby the more invigorates and exhilarates;

fo we may obfcrve, that thofe who, in fpeak-

ing in public, habituate <themfelves to fpeak

with well dilated lungs, do it with much more

eafe to themfelves, and greater fatisfa&ion to

the hearers, than thofe who draw in but little

breath, who are thereby not only incapaci-

tated from fpeaking loud, but are alfo at the

fame time greatly incommoded and fatigued

for want of a free paffage of the blood thro'

the but little dilated lungs. This is indeed

unavoidable in fome who labour under the

inconvenience of a narrow Thorax^ neither

are fuch perfons ufually fo healthy, as thofe

who have a large Thorax for their lungs to di-

late in, which is commonly with good reafon

looked on as a prime fymptom of a robuft

and healthy conftitution.

14. But the healthy dilatation of the lungs,

and what is confequcnt thereon, the free paf-

fage of the blood thro' them, is much oftncr

incommoded by intemperance and exceffes in

eating and drinking, than by any defect in

the formation of the Thorax. For thefe ex-

ceffes incommode the lungs not only by fur-

charging them with too great quantities of

inflamed blood, but alfo hinder the free di-

latation of them, by filling the ftomach and

bowels
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bowels fo full, as thereby not only greatly to

hinder the a&ion of the Midriff in defend-

ing, and thereby dilating the Thorax and

lungs ; but alfo retard the motion of the

blood in the coats of the much diftended

bowels: Hence habitual excefTes, as they

ufually occafion many kinds of diforders in

other parts of the body, fo do they very

often diftemper the lungs.

1 f . And here it may not be improper to

obferve, as it naturally occurs from the fore-

going confiderations, the great benefit of ex-

ercife even to the temperate liver; for it not

only, by the mere effeft of motion, agitates

the blood in all parts, but alfo gives it a

brisk circulation, not only by its increasing

the number of the Syftoles of the heart, but

alfo by giving it a freer courfe thro' the more

dilated and agitated lungs ; which dilatation,

exercife alfo makes more free and eafy, by

promoting digeftion, and the defcent and

evacuation of the contents of the. bowels

;

whereby not only the Midriff can more free-

ly act, and dilate the Thorax and lungs, but

the blood alfo can have a freer pafTage thro'

the coats of the ftomach and guts. Thus

in whatever view we confider the animal

G
5 occonomy,
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ceconomy, many cogent arguments for tem-

perance and exercife do always occur.

16. When we fee mExper. XI. Numb. 1 .7.

how freely the ferum pafled from the pulmona-

ry artery into the cavity of the veficles and

Bronchia, 'tis no wonder that fo great dif-

charges of humours are often made thro' the

fame paflages, when the blood is much di-

luted, by being in colds furcharged with too

much obftru&ed perfpirable matter, or other-

wife difordered: Hence alfo fome afthma's

have their origin.

17. " Sh John Floyer in his treatife of the

" afthma affigns the immediate caufe of it to be

" theftreightnefs, compreffion, or conftriclion

" of the Bronchia. He obferves that the fit of

" the afthma happens fuddenly, thro' the effer-

" vefcence of the blood, occafioned by ex-

" tcrnal caufes, which feparate the Lympha,
" lattea from the blood, which flops in the

" fwelled glands of the lungs." This notion

of his feems to be confirmed by what is found

to be conftantly the cafe, when water inftead

of blood flows into the arteries of a Dog ; in

which cafe, as is obferved in ExperimentXIV.

Numb. f. all the mufcles of the dogs were con-

yulfed : And the like defluxion of thin ferous

humours on the nerves and mufcular fibres o*

the



Hamafiattcs. 87

the Bronchia and vcficles may probably by con-.,

trading them in the fame manner occafion th$

above-mcntiond ftreightnefs and conduction

of the Bronchia in the fit of the afthma. This

defluxion of ferum, he fays, evidently appears

in loofe ftools, fluxes of urine, great fpitting,

drowfinefs of the head,in the beginning ofthe

afthma fit.

Experiment XIII.

i.TTTE fee in Experiment X. with how

VV much greater rapidity the blood

pafles thro* the lungs, than thro' any other

capillary veflels of the body 5 whence we may

with good reafon conclude, that it principally

acquires its warmth, by the brisk agitation it

there undergoes : This we find by daily expe^

rience, that an accelerated motion of the blood

by labour or exercife, docs conftantly increafe

its heat j whence we may well infer, that it

acquires its warmth chiefly in the lungs, where

it moves with much greater rapidity, than in

any other capillary veffels of the body. And
that the heat of the blood arifes principally

from this fri&ion, is hence alfo probable, that

on ftrong or brisk motion of the body, its

Jieat increafes much fafter, than it could by

G 4 any
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any effervefcent or fermentative motion.

And e contra, on a ceflation of the blood's

motion, either when extravafated, or on

death, the blood then cools as faft as any other

warm fluid of equal denfity, which has no

effervefcence in it.

•t± As fermenting and effervefcent mix-

tures acquire heat by the brisk agitation and

rubbing of the particles of the effervefcent

mixture againft each other 5 fo the globules

of the blood may well acquire their warmth,

by being briskly agitated, in paffing with

great velocity thro' innumerable divaricating

and converging fine canals.

3. And §)u. Is not this a principal ufe of

the red globules, which are the mod corn-

pad and firm part of the blood, and withal

elaftic, whereby they are the more fufcep-

tible of warmth from this agitation of fric-

tion } Their red colour intimates their abound-

ing with fulphur, which makes them the

more fufceptible and retentive of heat, than

thofe bodies which have lefs of it in them

:

For the more watery a body is, the lcfs fufcep-

tible it is 'of heat; whence 'tis with good

reafon concluded, that if pure water were to

pais through the blood-veffels, with a velo-

city equal to that of the blood, yet it woulcj

thereby
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thereby acquire no heat. This is what we
have many inftances of, in effervefcent mix-

tures, feveral of which will, with feemingly

equal degrees of efFervefcence, acquire very

different degrees of heat, which may depend

either on the different nature or texture of

their component particles, or the different

manner of the aftion of thofe particles on
each other : Thus even of folid bodies rub-

bed againft each other, fome will fooner ac-

quire a burning heat than others. Leewen-

hoeck has obferved, that the blood of fifhes,

which is much cooler than that of other ani-

mals, has a greater proportion of Serum in it

:

The blood of a land-animal has twenty-five

times more globules in it than that of a crab.

Ifaccording to Dr.Jurins eftimate in Motte's

abridgment of Thilof. TranfaEt. Tart II.

p. 143. the quantity of the blood-globules

be £th of the blood } and if, as he has efti-

mated it, a diameter of a blood-globule be

5~^ of an inch 5 then the -Jth of the cube

of 3240, viz. 8,703,056,000 will be nearly

tlje number of red globules in a cubic inch

of blood : And the diftance of the centres of
the globules from each other will be -

3-fe
Jnch,

Dr.
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4. Dr. Baerhaave obferves, that oil is capa-

ble of a much greater degree of heat than

water 3 and that, like the blood-globules,

abounds with fulphur, which is found ftrong-

ly to attract light and air, which are both'

very a&ive principles.

f. Now many folid bodies, having ac-

quired warmth by rubbing, being found to

be electrical, it put me upon trying whether

any much agitated fluids were fo too.

6. Having therefore put half an ounce of

mercury into a two ounce phial, I fhookit

briskly to and fro for a confiderable time, and

then laying the phial down fideways on a

table, I rolled it very gently, fo as to make

the edge of the mafs of mercury approach

gradually to innumerable fmall feparate parti-

cles of mercury, which adhered to the fides

of the phial 5 where, with pleafure I, could

fee fome of thofe particles attracted to, and

others repelled from, the mafs of mercury $

which plainly fhewed the electrical quality it

had acquired by agitation : Yet mercury heat-

ed by an effervefcence with double Aqua-

fortis, had no electricity.

7. I poured into a thin Florence flask two

ounces of cold water, and to that a fuffi-

cient quantity of oil of vitriol, which made

it
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it as hot as my hand could well bear. Then

I approached the bottom of the flask to

fome tinfel, down and hairs; but it neither

attracted nor repelled any of them. And it

was the fame when a ftrong effervefcence was

made with double Aquafortis, and filings of

Iron.

8. It was obfervable, that thefe fudden hot

effervefcences which arofe in the mixture, did

not fenfibly affeft tinfel, &c. tho' placed

near the bottom of the flask before the mix-

ture was put in; a probable argument that

no fubtile matter rufhed fuddenly thro' the

pores of the glafs to caufe that effervefcence:

Whereas ele&ricai effluvia do moft eafily pafs

thro' the pores of a glafs fphere, wkich has

been rubbed fo as to acquire eleftricity.

9. Some tinfel, &c. being laid on the

outfide near the bottom of a flask, into

which fome blood had juft flowed from 3

Hog, they were not attracted. I placed the

tinfel thus on the outfide of the glafs, there-

by to intercept the warm vapour of the blood,

which I apprehended might hinder the at-

traction, if the tinfel had been approached

p the furfacc of the blood.

10. I
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10. I put two ounces of the fame blood

into a glafs full of cells or cavities made

purpofely to incorporate oil and vinegar 5

, flopping the mouth of the glafs clofe, I tied

it to a pole which was ten feet long, the

other end of the pole being firmly fixed :

The glafs thus fixed, was carried to and fro,

with long and fwift vibrations of the pole,

for fome minutes ; but the thus agitated

blood, which was of a very florid colour,

would not attraft tinfel, &c. either thro*

the glafs, or when poured out on a plate.

11. Whereas blood thus agitated has no

electricity, tho' fhaken Mercury has, may not

thisbe owing to the watry part,which abound-

ins: much in blood, as alfo in the above-

mentioned eflfervefcent mixtures, does proba-

bly check ele&ricity, tho' not the heat which

is acquired by the mutual rubbing of the ef-

fervefcent particles againft each other? Elec-

trical experiments are found to fucceed beft

in a dry air 5 thus if a glafs tube be rubbed

to fuch a degree as to be ftrongly electrical,

it will inftantly lofe that electricity, if moift-

en'd with water either cold, or as warm as

the tube : So that we cannot from this want

©f eledricity in the blood, conclude that its

heat
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heat is not acquired by brisk agitation and

motion in the blood- veffcls.

12. But we have in the Mufcle fhcll-fifh a

remarkable inftance of the eledtricity of its

blood-globules: For if a piece of one of the

Bronchia or gills be cut off, and put into a

fmall concave glafs with three or four drops

of its liquor, and be then placed under a

double microfcope, the blood may be feen

greatly agitated in the fine veilels > and at the

cut edge of the piece of gill may with great

pleafurc be feen many blood-globules repel-

led from the cut orifices of the blood-veflels,

and attra&ed by other adjoining veffelsj alfo

other globules rolling round their centre, and

repelling each other; whence it is plain, that

bodies, by brisk rubbing and twirling about,

may acquire, in a watry fluid, both attractive

and repulfive virtue or electricity. If frefh

extravafated blood be placed before a micro-

fcope, the globules may be feen by mutual

attraction to aggregate and form greater glo-

bules.

13. But tho' it may be doubtful whether

the blood-globules, by reafon of the warm
watry fluid in which they float, do acquire

an ele&ricai virtue or no, in palling with

great rapidity, andftrong friction, thro' the in-

numerable
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numerable capillary veflfels of the body, efpc-

cially thofe of the lungs: Yet as ele&rical

bodies acquire greater degrees of elettricity

when rubbed in a cold than in a hot air, fo

it is reafonable to think, that the globules may

acquire confiderable degrees of elaftic vibra-

tions in palling the lungs : for while, by the

extraordinary frictions they there undergo,

they are much heated and dilated, they are

at the fame time refrigerated and contrafted

by the frefh air that is continually taken in-

to the lungs 5 where, by reafon of the great

expanfion of the furfaces of all the veficles

of the lungs, a very large furface of the blood

is expos'd to an equally large furface of air

contain d in thofe veficles, whofc coats are

fo extremely thin, that thofe two fluids are

fuppofed to be r^ocJh P*rt of an inch within

contaft of each other, fo that like blended

liquors, they muft needs have a confiderable

effeft on one another, the air in cooling the

blood, and the blood in warming the air.

14. Which eflfed of the blood on the air

in the lungs is fo confiderable, that tho' that

air is by infpirations blended with a good

quantity of fre(h cool air, no lefs than 1200

times in an hourj yet by holding the ball

of my Sp. v. thermometer in my mouth for
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a confiderablc time, while I breathed warm

air on it, but drew in the cool air in infpi-

ration thro' my noftrils, the Sp. v. rofe in

the thermometer from ten degrees, the heat

of the external air, to forty-fix degrees above

the freezing point 5 fo that in the 7—^ part

of an hour, or 3" of a minute, the infpired air

had acquired thirty- fix degrees of heat. The
natural ftate of the bloo*d, in which ftate it

then was, being fixty-four degrees, and that

of the external air ten deg. it was therefore

fifty-four degrees colder than the blood, yet

in fo fhort a time it acquired thirty-fix deg.

of heat.

1 f. The quantity of blood, which pafTes

thro' the lungs of a man in a minute, being

eftimated in ExperimentL

VIII. Numb. 12. to

be 9.36 pounds, or 24,4.65 cubic inches 5 and

the quantity of air drawn in at each infpiration

being forty cubic inches, as eftimated in Vol. I.

p. 243, they will amount to eight hundred

cubic inches in the twenty infpirations of a

minute; fo that this quantity of air will be to

that of blood as 3.27 is to I : The bloods

fpecific gravity to that of air is as 84.1 to 1.

16. I communicated thefe "Data no Dr.
c
Defagiiliers, who together with Mr. Ch. de
Labely, who was then prefent, both agreed

in
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in the following calculation of the degree of

refrigeration which the blood received from

the infpired air, viz.

1 7c A&uai is to fenfible heat, as felt by

the hand, or (hewn by a thermometer,%s mo-
mentum is to velocity.

1 8. Senfible heat multiplied by the quan-

tity of matter, gives a&ual heat or momen-
tum of heat. •

19. Therefore attual heat divided by mat-

ter gives fenfible heat, as momentum divided

by matter gives velocity.

20. Therefore as we increafe the matter,

we decreafe the fenfible heat.

21. What gives fixty-four degrees of fen-

fible heat to one, gives but one degree of fen-

fible heat to ftxty-four.

22. The fpecific gravity of blood to that

of air, being as 841 to 1, if a bulk of air,

which is to a bulk of blood, as 3.22 to 1, be

fo condenfed as to be reduced to the bulk

1, or the fame bulk as the blood, it mud be

brought to a fpecific gravity fo much greater,

than the difproportion or fpecific gravity of

blood to air will be 261 to 1, becaufe —j
==261.1

23. The
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23. Thecuieftion is reduced to this, <viz*

What gives thirty-fix degrees of fenfible heat

to 26
1

lml how much will it give to one?

24. Thcanfwer is 36x^7-7=-^-^ =0.1 37
or about 0.137 of a degree.

2f. Now as 3" 0.137 : : 60 : : 274, there-

fore in one minute the heat added to the

blood in the lungs will be 2.78 degrees, the

whole heat of the blood there being 64+2.74
degrecs= 66.74.

26. So that if a man holds his breath one

minute, the blood in the lungs from fixty-four

degrees of heat will be increafed to 66.745

and in two minutes (during which time feve-

rai men hold their breath or can blow without

ceafing, as Grano the trumpeter can) the heat

will be got up to 65).49.

27. But then upon the mixture of that

warmer blood with the reft of the mafs of

blood, the fenfible heat muft be diminifliedi

for that which in two minutes, gives tc the

quantity of blood in the lungs the fenfible

heat of f 48, will give as much lefs fenfible

heat to the whole mafs of blood, as the quan-

tity of the whole mafs is greater than one,

which was efteemed the quantity of blood in

the lungs.

H 28. Cal-
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28. Calling therefore the whole quantity

of blood x, or the proportion of the whole

quantity of blood in the lungs, ratio x : 1

5

x : 1 : : 5-48 : ^f2, (degrees of fenfible heat

in the lungs acquired in two minutes) to the

degrees of fenfible heat of all the mafs of blood

acquired in the fame time, that is ^~$ this

quantity muft be added to the heat of the

whole blood for every two minutes, if the

breathing be flopped fo long.

29. Now the whole quantity of blood in

a Man being eftimated twenty-five pounds, the

quantity of air forty cubic inches =1.5- pounds,

that is, fuppofing its fpecific gravity to be equal

to that of the blood s but the bulk of the blood

has been found above to bear a proportion to

the bulk of air in the lungs as 1 to 3.22, there-

fore if we fay as 3.22 to 1. fo the weight i.y

pounds (of the bulk of blood equal to that of

air in the lungs) is to the weight of the real

quantity of the blood in the lungs = -J^
= 0465- of a pound i confequently multiply-

ing the heat acquired in two minutes ^48 de-

grees into the quantity of blood, it is in

0.465' of a pound we have the whole addi-

tional a&ual heat = 5-48 x 0465 = 2.5-482;

which being divided by the whole mafs or

quantity of blood =s 2f pounds, gives
2,

g)
8 *

= 0.1015)28
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=0.101.928 of a degree. So that the whole

mafsof blood, by avoiding infpiration for two

minutes, will be increafed in heat from fixty-

four degrees to 64.101928 degrees.

30. And if the heat of the blood increafes

as the times, then in half an hour the whole

mafs would be increafed in heat from fixty-four

degrees to 64X 1. 52892=65. 5-2892 degrees.

31. Dr. Boerhaave relates the remarkable

ill effects of breathing in a very hot air For

having caufed a Sparrow to be put into a fugar

baker's drying (love, the heat of which was fo

great as to raife the mercury in Fahrenheit's

thermometer to a hundred and forty-fix de-

grees 5 that is, 5-4 more than the natural heat

of the blood, viz. ninety-two 5 the Sparrow

after about a minute expreffed great uneafi-

nefs, and dy'd in feven minutes. A Cat

alfo put into the fame ftove exprefTed great

uneafinefs in a minute, and dy'd in about

fixteen minutes ; it was as wet with fweat, as

if dipped in water; but a Dog, which was put

in at the fame time, did not fweat j after feven

minutes he panted much for breath, and in a

quarter of an hour exprefled very great uneafi-

nefs, foon after which he grew faint, and died

in twenty-eight minutes: He drivelled all the

time a great quantity of red foam, which did

H 2 ftink
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(link fo intolerably, that a ftrong labouring

man, who went near it, was almoft (truck down
in an inftant with this (tench.

32. He obfervcs in this experiment the

dire effects of this degree of heat, how foon

it brought on a mod acute diftemper, with

very violent and mortal fymptoms : How fud-

denly the humours were changed, from a

healthy to a naufeous putrid (tate, more pet
tilential and deadly than the rotteneft carcafe 5

how greatly the humours muft be altered in fo

fhort a time, to make the Saliva red. He al(b

juftly obferves, that thefe were not the mere

effects of the heat of the (love j for if the flefh of

(
a dead animal had been hung up there, it would

have dried, and not have turned to peftilential

corruption 5 which muft therefore arife from

the fri&ion caufed by the vital motion of the

blood in the lungs j where it being in this cafe

not at all refrigerated, did thereby acquire a

greater heat than that* of the (tove; whence

its fudden tendency to putrefaction, the oils,

falts and fpirits of the dog being thoroughly

putrified in twenty-eight minutes.

33. He obferves alfo, that when a man
breathes an air as hot as his natural heat, he

foon finds fuch a difficulty of breathing, that*5

he cannot long endure it, but earneftly pants

after
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after cooler air, which invigorates, while hot

air weakens and difpirits; for neither animals

nor plants can long bear a hot air, without

intervals of cool refrcfliing air.

34. Whence he juftly infers, that as the

blood is moft heated in the lungs, by reafon

of the great velocity and friction it there un-

dergoes, fo it is there alfo moft refrigerated.

Elementa Chemi'&', Tom. \.p. 277 to 278.

35-. And Tom. II. p. 378, he obferves that

the natural heat of the blood is not far from

the coagulating point, which is a hundred

degrees, and the natural heat ninety-two:

Whence it may be concluded, that a fever

heat muft tend to coagulate the blood i in

order to refill which tendency, nature is then

under a neccfllty of greatly accelerating its

motion thro* the circulatory veiVels, which,

as it promotes attenuation, does alio at the

fame time increafe heat.

36. As the natural heat of the blood is

not far from the coagulating degree, to which

and a much greater degree, it does, we fee,

foon rife, if not frequently refrigerated by

the infpiration of frelh air : So this makes it

yfty probable, that one confiderable ufc of the

lungs, is to refrigerate the blood* attenu-

ation and feparating the blood-globules is

H 3
alfo
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alfo doubtlefs another great ufe of them : For

tho' the blood-globules are feparated and pafs

fingle, from the innumerable extreme capil-

lary arteries of the reft of the body, to the

correfponding veins, yet the venal blood is

not florid 5 which floridnefs may in a good

meafure be owing to the ftrong agitation,

friction and comminution, which it under-

goes in paffing with much greater velocity

thro* the lungs than other parts of the body ;

in like manner as in Exper. XIII. Numb. io.

the blood which was much agitated in a

clofed glafs veffel, was obferved to be very

florid, not only on its furface, but thro' its

whole fubftance, as arterial blood is. Tis

probable alfo, that the blood may in the lungs

receive fome other important influences from

the air, which is in fuch great quantities

infpired into them. It has long been the

fubjeft of enquiry of many, to find of what

ufe it is in refpiration, which tho' it may

in fome refpe&s be known, yet it muft be

confeffed that we are ftill much in the dark

about it.

37. As the air, in ordinary infpirations and

expirations, paries freely and eafily to and

fro with fmali velocity, fo it cannot have any

confiderable effeft on the blood by any im-

pulfivs
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pulfive force, nor yet by any additional gra-

vity arifmg from the form of the lungs ; which

gravity, upon a calculation that the fum of

all the areas of the veficles is equal to a hun-

dred and fifty-two fquare feet, has by Dr.

James Keill been eftimated to be equal to

5-0443 pounds weight, there being a mani-

feft miftake in the argument. For fuppofe

a cubic foot of any folid or fluid matter to

be divided into an hundred Laming or plates 5

each of thefe plates, when fpread abroad, will

be preffed with the whole weight of the at-

mofphere 5 and when laid on each other in

the form of a cubic foot, they will then alfo

each of them fuftain the fame weight of the

atmofphere j befides that, in this pofition, all

except the uppermoft, will have the addi-

tional weight of the plates which lay on

them 5 whence it appears, that the blood will

have lefs weight on it, when fpread into a

broad thin exparvfe, than when in a larger

mafs.

38. As the blood acquires different de-

grees of warmth according to the different

degrees of velocity with which it is carried

on, and alfo in proportion to the different

diameters, laxity or tenfenefs of the vefTcls j

freiKe in a more lax ftate of the fibres of the

H 4 veiled
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veflels, the blood will be cooler, more vifcid,

and lefs florid and digefted : But vice verfa,

in a more firm and tenfe ftate of the coats of

the blood-veflels, the warmth of the blood

will be the greater, it being in thofe more

hale vigorous conftitutions, impelled more

briskly thro' the tenfer capillary veffels;

whence a conftant greater warmth and vi-

gour in thefe conftitutions, and confequent-

ly a more highly digefted and attenuated

blood. But when the heat rifes to the de-

gree of a fever, then it often putrifies the

blood.

39. Tho* we cannot on the one hand rea-

fonably fuppofe, that there is a ftrong repel-

ling degree of ferment or effervefcence in

the blood, in its healthy ftate j fo neither on

the other hand can it be imagined to be a

mere languid inert fluid : For it muft needs

be, that the parts of a fluid, which is ftored

with fuch aftive principles, will be in a vi-

brating ftate, while a&uated with fo confi-

derable degrees of fri&ion and heat, as the

blood is: Which vibrations are reftrained

within due bounds, by the attractive power

of the fulphur, which abounds in the blood

to fuch a degree, that tho' great quantities of

fermented liquors are daily taken in, and

mixed
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mixed with the blood, yet they are thereby

fo reftrained, as not to be able to raife the

blood into a ftrongly repelling degree of

ferment; tho' they much incrcafe its effer-

vefcence and heat. When thefe liquors are

taken in to an intemperate degree, they do
then raife the effervefcence of the blood, to

fuch a feverifh heat, as requires many hours

time, before it be abated, and the blood

brought to a right temper again.

40. When we confidcr that all vegetable

ferments are chiefly carried on by the action

and reaction between the air and fulphurous

particles ; and alfo that thefe principles, with

which the blood is ftored, do in a fixt ftate

form tartar in the urine; and at the fame

time remember, that it is obferved by phy-

ficians, as an indication that the fever abates,

when the urine depofits a reddifh brick-co-

loured fediment, that is, a tartar; have we
not reafon to fufped, that this tartar, while it

was in an elaftic ftate in the blood, greatly

contributed to its feverifh heat ? which heat

therefore abates in proportion as thefe active

principles are fubdued, and reduced to a fixed

ftate, fit to be carried off by urine or other

evacuations.

41. The
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41. The right healthy ftate of the blood
muft conftft in a due Equilibrium between

thefe a&ive principles, fo as not to have them
too much deprefled and fixed on the one

hand, which might tend to an acid acrimony,

nor too much raifed and exalted on the other

hand, which makes it tend to an alkaline acri-

mony. When we conftder therefore by what

an innumerable combination of caufes this

Equilibrium is liable to be difturbed, we
cannot wonder that our health is fo often

interrupted, and the period of life moft un-

certain as to its duration. It is wonderful that

the fixt organical parts of our bodies, which

are of a moft curious and delicate texture,

fhould hold it out fo long, without being dis-

ordered or wearing out 5 but the wonder is

greatly heightened, when we conftder for how

many years continuance, the nice healthy

balance of power between the active prin-

ciples of the blood is maintained, notwith-

ftanding the many rude fhocks it meets with,

either from unkindly food, or inclement fea-

fons, and above all from intemperance.

42. When the morbid blood is fo grofsor

vifcid as not eafily to pafs the finer capillary

veffcls, it being thereby greatly retarded in

its motion, caufes the cold fit which ufually

precede^
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precedes a fever or ague. And as warm li-

quors, fuch as urine, &c. are obferved to

turn from clear to turbid, and to depofit fe-

diment as they cool, and when warmed again,

to reforb that fediment, and become clears

fo 'tis probable, that as the blood grows cool

on the firft coming on of the fit, that cool-

nefs may be greatly increafed by the then

more thick turbid ftate of the blood -

y its mo-

tion being thereby proportionably retarded

:

But when after fome time the retarded blood,

which is at this time, for want of a free paf-

fage, probably accumulated in the arteries,

fo as to be at length forcibly impelled thro*

the capillary vefTels, then by the greater fric-

tion of its grofs parts it acquires a burning

heat ; which heat is prolonged to different

periods of time, in proportion to the quan-

tity of the grofs morbific matter, till it is at

length either fufficiently attenuated by re-

peated circulations and dilutcrs, or elfe ends

in death.

43. If, as was before obferved, the blood

grows more thick and turbid as it cools, it

may then be owing to this, that bleeding and

purging, which, as they greatly cool, may alfo

thereby bring on an ague fit, which is well

fcnown to be the confequence of thofe eva-

cuations,
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cuations, when the blood is at any time in an

aguifh difpofition.

44. A too relaxed ftate of the capillary vef-

fcls may in an aguifh conftitution greatly

contribute to the return of the fits ; for the

blood acquiring by this means, in a determi-

nate time, too great a vifcidity, the next pe-

riodical fit may thereby be brought on.

4f. The grofs tartarine gouty particles are

apteft to fettle, and caufe inflammatory ob-

ftru&ions in the extremities of the body, as in

the feet and hands, where the progreflive

force of the blood is leaft, as being fartheft

from the heart. And when thefe humours

fix in the trunk of the body, they are apter

to fettle in the ftomach than in the guts $ be-

caufe in the former they have as much greater

a length of capillary veffels to retard the mo-

tion of the blood, as half the circumference

of the ftomach is greater than that of the

guts ; for the arteries of the ftomach do not

enter its coats on one fide only, as thofe of the

guts do, but it is fupplied with blood by ar-

teries which enter, fome on the upper hand,

fome on its lower fidej their converging

branches inofculating about the middle of the

fides : Without this neceiTary precaution, the

motion of the blood muft needs have been

there,



Hamajlatics. 1 09

there greatly retarded, if it had entered its

coats, only at the top or bottom ; becaufe in

that cafe it muft have paffed thro' capillary

veflels of double the length that they now
are.

46. When any grofs matter from an ulcer

returns into the courfe of circulation, it firft

caufes a fhivering by its obftructions; but

when this matter is impelled by the force

of the circulating blood through the fine capil-

lary veffels, it then frequently raifes a fe-

verifh heat by its greater fri&ion in thofe

veflels.

47. In dropfical cafes, when the blood is poor

and watry, the patient complains of great de-

grees of cold, the blood being very defective in

a fufficient quantity of red globules to give it

warmth: Which yet at intervals will be raifed

to a feverifh heat, for want of a due quantity of

thin ferum, and by the return of fome of the

rancid cxtravafated humour into the courfe of

circulation.

48. Thus alfo, when too much blood has

been evacuated, it is long before a man re-

covers that lofs, and he is too cool, not only for

want of a fufficient quantity of blood to be

impelled with vigour thro' the capillary vef-

fels, where, as we have before fecn, it meets

with
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with much refinance, but principally through
too great a deficiency of red globules, where-
by to procure it a furricient degree of warmth,
as alfo thereby to keep the ferum diluted by
their innumerable runnings to and fro : For if

quantity of fluid alone would make good the

defed, there would be a fufficient quantity

of fluids in the arteries and veins, fome time

after each meal ; but this alone will not com-
penfate for the lofs of blood. Befides, when
the ferum of the blood is too thin, the glo~

bules are much apter to coalefce 5 for the thin-

ner the fluid, the more readily will mutually

attracting particles, which fwim in it, coalefce.

But on the contrary too great a proportion

of globules difpofes the blood to be inflam-

matory.

Experiment XIV.

I.TTTHEN I had feen to what height

VV the blood would rife in tubes fixed

to the carotid arteries of feveral Dogs, then

taking away that tube, I immediately affixed

to the pipe that was inferted into the artery an-

other tube, which was four feet and a half high,

to the middle of the glafs tunnel, which was

fixed on the top of it : Then cutting open both

the
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the jugular veins, blood-warm water was

poured into the tunnel, which flowing down

thence from a perpendicular height equal to

that of the arterial blood in the former tube,

was by this means impelled thro' all the arteries

of the body, with a force nearly equal to that

with which the bloo\i was propelled by the

heart, and was thence carried with the venal

blood out at the jugulars 5 where the flowing

blood became more and more diluted with

water, till the Dog diedj after which very

little water would pafs out at the jugular

veins. But when I injected brine into the ar-

teries of Sheep, in order to fait them whole,

the brine flowed freely thro' their cut jugular

veins, as alfo thro' their wind-pipes, from the

lungs, and that not only at the beginning, but

thro' the whole operation. When the column

of water in the tube was 9-f^feet high, the

blood then flowed more briskly out at the

jugulars of Dogs.

2 . The Dogs conftantly died when the blood

grew very dilute with water 5 whence we fee

the mere keeping the arteries full with any

fluid will not fupport life: No wonder then,

that the lamp of life burns more and more dim-

ly, and is in further and greater danger of being

ex-
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exringuifhed, in proportion as that noble vital

fluid, the blood, becomes more and more

depraved.

3. It was obfervable, that the Dogs conftantly

cxpreffed great uneafinefs inftantly as foon as

the blood-warm water entered the arteries, and

mixed with the blood. Hence, if our drink

entered the blood- veffels at once, it would be

moft pernicious 5 but nature gradually aflimi-

Iates it, by firft mixing it with the chyle, and

other juices, which are in great plenty fecreted

from the glands of the ftomach and guts, as

aifo from the liver and pancreas, and from the

mefenteric glands 5 which commixture and

affimilation is inceffantly carrying on by infinite

mixtures in the circulating veffels, without

which the blood could not be diluted, but its

ftrongly attracting globules would foon coa-

lefce.

4. This warm water thus mixed with the

blood, did ufually make the Dogs vomit, es-

pecially when the column of water was 9-f\
feet high; whence we fee, that warm water

in the blood has the fame effect, in giving a

convulfive motion to the mufcular fibres of

the ftomach, as when taken inwardly, in

which cafe it is well known to caufe a Naufea
and
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and vomiting ; a probable argument that fome

of it then foaks immediately out of the cavity

ofthe ftomach among its mufcular fibres.

f. And it has the like effeft upon all the

mufcies of the body s for when the water en-

ters the mufcies two or three minutes after

the dog is manifeflly dead, then all his muf-

cies are in ftrong convulfions, and that fo$

fome minutes.

6. If the warm water was continued thus

flowing into the artery for half an hour, or

two hours, all the parts of the body would,

during that time, be continually fwelling big-

ger and bigger, fo that there would be an uni-

verfal dropfy over the whole body 5 both the

Afcttes and the Anafarca : The falival and

other glands were greatly fwell'd, and the

mouth and nofe filled with mucofe flimy mat-

ter, which flowed from thofe glands j the

Ubera were much diftended by the filling of

their fat veficles, r*s were alfo all the fatty vefi-

cles ofthe body. All the mufcies were fwelled,

and the interftices of their fibres filled with

water ; and fome of them were by this means

warned white. All this was efFe&ed with a

force of water no greater than that of the ar-

terial blood in its natural ftate.

I 7. Whence
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7. Whence 'tis probable, that no veflels

were broken to make way for this univerfal

inundation; but the penetrating water might

readily pafs thro' pores, and fuch fine fe-

cretory duds, as the more vifcid part of the

blood in its common courfe of circulation ne-

ver enters, but thro* which its more attenuated

and diluted parts do in their due proportion

pafs. Thus, for inftance, we fee, when the pe-

netrating water flows freely into the fecretory

duds of the falivary glands, it makes the Sali-

va flow plentifully thro* the excretory duds,

which in a natural ftate being more gradually

feparated from the blood, flows alfo more

kilurely thro' thofe duds.

8. But when the tube, thro' which the wa-

ter flowed into the arteries, was $-\-\ feet

high, then fuch a force would fometimes drive

fome little blood thro* the falival glands, and

among the fat veficlcs of feveral parts of the

body, as alfo into the cavity of the guts ; which

would thereby be diftended full of water, if

the Abdomen was open; but when that was

not opened, tho' water continued for a hun-

dred minutes to flow in at the carotid artery,

fo that all the parts of the body were exceed-

ingly fwelled, and there was water alfo in the

cavity of the Abdomen? yet there was not

half
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halffo much water in the cavity of the ftomach

and guts, as there would have been, if the

Abdomen had been all that time open. Hence

we fee how the great compreflion of dropfi-

cal humours on the blood-veflels and fecre-

tory duds may retard the natural fecretions of

humours into the bowels, and thro' other

glands; whereby the blood muft needs become

more and more depauperated, for want of a

fufficicnt fupply of thofe fecretions, to mix

with, and afiimilate the chyle gradually into

blood. Hence alfo, from the ftoppage of the

fecretions of the falival glands, the conftant

third of the hydropic.

9. Frequently, when the Dog was dead by

wafhing his blood out in the manner defcrib'd,

Numb. 1. of this experiment, I ufed then,

while all was warm, immediately to open his

abdomen and thorax, and then fix the tube

to the defcending Aorta a little below his

heart : This large artery admitting a brafs pipe

of a larger bore, the water flowed more freely

in ; which it continued to do for more or lefs

time, according to what experiments and ob-

fcrvations I intended to make. And while the

water thus flowed thro' the arteries, I kept

all parts of the Dog warm, by pouring water

on him j and then laying a cloth dipped in

1 2 warm
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warm water over his body, and fometimes

by placing him in a veffel of water.

io. Tho' this prcffure of water was equal

to the force of the arterial blood, which had

been wafhed out in filling the Dog, yet none

of the warm water paffed thro' the kidnies

into the ureters and bladder, tho' the kidnies

were diftended to hardnefs : Nor would any

pafsthro' the blood-veffels of the bladder in-

to its cavity, whence 'tis probable that it has

no lymphatics, at leaft within fide : Yet the

blood-veffels of the coats of the bladder were

filled with water, as is evident, becaufe they

were conftantly on injection well filled with

the tinged liquor. A probable argument, that

no urine is thence feparated immediately from

the blood into the bladder s and confequently

there can be no other paffage for the urine

into the bladder, than thro' the kidnies and

ureters : The eafy paffage of fluids from the

ftomach and guts immediately into the me-

fenteric veins, and the great velocity of the

blood in circulating, may rationally enough

account for the quick effects, that fome fluids

have on the urine foon after drinking.

1 1 . The liver, from its own natural rednefs,

and degree of firmncfs, turned gradually le£

red,
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red, and fometimes whitifh, but always fwell'd

and was very hard 5 the water did not flow

thro' its veffels into the Vena Cava: The gall-

bladder was conftantly diftended very full, fo

as to flow into the guts. The pancreas was

full of water, as alfo the fpleen, which was

feldom much diftended, but was fometimes

waftied fo clear of blood as to be very well in-

jected with tinged liquors.

12. I flit open four or fix inches length of

a gut, juft oppofite to the infertion of the me-

fenteric veffels into the gut: And having then

fo folded open the gut as to have the inward

rnucofe coat outwards, I wiped it dry with

a fpongc, which was foon moiftened in every

part again, by the water which ouzed through

from the mefenteric arteries $ and it was the

fame on frequent repetition, and alfo when I

Jield this open part fo as to make a fmall cavity

or bafin with it, it would then alfo be foon

filled with water.

13. In another Dpg, whofe gut was not flit,

the quantity of water which flowed in, was in

fome continuance of time fogreatastodiftend

the guts, and even burft the ftomach. Whence
we fee how eafily the thinner part of the blood

may flow into the cavity of the ftomach and

puts, as it is found in fatt to do in living

I
j

animals;
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animals: And as fuch large quantities are thus

fecerned into the cavity of the Vifcera, this

muft needs have a great influence on the blood,

when thefe fecretions are either too plentiful,

and thereby diforder it by too great evacua-

tions, or when they are on the other hand too

fmall, or are too fuddenly flopped; the ill ef-

fects of which are foon felt in the head and

lungs, whence often a fever.

14. It is common for habitual hard drink-

ers to labour under the inconvenience of too

great difcharges of thefe humours into their

ftomachs, which is occafioned by their conti-

nually fwallowing down too great quantity

of liquor, with which the blood being fur-

charged, muft needs make thofe more than

natural difcharges of it into theftomach, which

they ufually complain mod of in a morning.

Whence readily inferring, that they have a

cold watry ftomach, they feldom fail of warm-

ing it again foon, by fo agreeable a prefcrip-

tion, as a large dofe of the fame liquor ; fa-

gacioufly concluding with the poor unhappy

Minute Thilofophers, that becaufe it is mod

agreeable to depraved nature, therefore it muft

be beft 5 tho' in reality it does necefTarily in*

crcafe the diftemper,

if Whi
Js
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1 j\ While the tube was thus fixed to the

defcending Aorta, and water continued flow-

ing thro' it, I cut the Vena 'Porta afundcr,

which carries the blood from the ftomach

and guts, thro' the mefenteric veins to the

liver: The much diluted blood which was

contained in it, for want of a free paffage thro*

the liver, rufhed forcibly out of the vein s but

afterwards the water which came from the

mefenteric arteries, flowed out of the Vena

Porta, at the rate only of half a cubic inch in

forty feconds of time, for want of a free paf-

fage from the arteries to veins.

16. When I fixed the above-mentioned

tube to the Vena Porta of another Dog, fo

as to make the water pafs thro' it to the guts,

having then flit open a part of a gut, as be-

fore defcribed, Numb. 12. I found the water

ouzed plentifully thro' the whole mucofe coat

into the gut; whence we fee there is a paflagc

for the chyle to pafs immediately from the

cavity of the guts into the mefenteric veins.

17. Yet when e contra a tube was fixed to

the cavity of a gut, and warm water poured

in, no water would pafs thence into thofc

veins, tho' the column of water which prcflcd

%o enter, was of feveral lengths from one to

p-hj feet high; the entrance of the water

I 4, being
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being hindred by the connivant valyes which

cover the orifices of thofe capillary veins,

which opening obliquely into the inteftines,

their orifices are comprefied by the incumbent

water : Were it not for this wife precaution,

very grofs and noxious particles ofthe contents

of the bowels would have been impelled thro

thefe veins,and the lacteal vefiels, into the ha-

bit of the body, and that in greateft abundance,

when the guts were moft diftended either with

aliments or wind. Now the force of the blood

in the veins being not above TV or~ of that of

#
the arteries, and their number of capacities

being alfo much greater, they are thereby

more aptly difpofed to imbibe chyle from the

inteftines, whofe periftaltic motion, together

with the alternate dilatations of the arteries,

and reciprocal compreflions, dilatations and

relaxations of the diaphragm and abdominal

mufcles, do greatly promote its progrefs. But

when thro' any obftru&ions the free courfe of

the blood thro' the liver is retarded, it being

neceflarily thereby more accumulated in the

mefenteric veins and Vena Torta, the im-

bibing power of thofe veins from the inteftines

will not only be proportionably rebated, but

alfo the velocity with which the blood fhould

pafs along the mefenteric arteries, thro' the

coaf
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coat of the guts, being thereby retarded, will

fubje&the bowels to many diibrders.

1 8. It fecms evident from this XlVth expe-

riment, that the fecretions, which are diffe-

rent according to the different texture of the

fecretory veffels, and which are made from

the arterial blood thro' veffels finer than the

fined circulating arteries, are not madcfleno

gurgite, that is, with the full force of the

arterial blood; for if they were, then all the

fecretory veffels and glands would fwcll, as

they do alfo in this experiment with water ; as

they do alfo in dropfical cafes, when the re-

dundant thin fluid is feparated too freely from

the blood* Thefe fecretions mull: therefore

be made more gradually and fparingly, to as

to be carried forward in thofe very fine veffels,

by an alternate pulfivc force of the arterial

fluid, and attractive power of the fine fecern-

jng veffels > aflifted alfo by conftant vibrations;

for the animal fluids and folids are in an in-

ceffant mutually vibrating ftate. In this man-

ner doubtlefs the plentiful fecretions are made

into the ftomach and guts, as alfo in the pan-

creas, mefenteric, falival and other glands of

the body. And thus alfo the perfpiring matter

is carried off, not alone by the mere protrufive

force of the arterial fluid, but alfo by the

warmth
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warmth and mutually vibrating aftion of the

fluids and folids. And when by labour or other

brisk exercife, the velocity of the blood

is increafed, and confequently its warmth,

then not only its force, but the vibrat ions alfo

of the fluids and folids, being thereby in-

creafed, the perfpiration is confequently

alfo fo much increafed, as to pafs in the

vifible form of fweat thro' the pores, which

by Experiment XV. Numb. 9. are dilated by

heat.

Experiment XV.

1. } *HIS hydraulic and hydroftatical me-

X thod of examining the animal canals,

is not only of ufe to fhew the force of the

blood in the veins and arteries, the great re-

fiftance it meets with in its progrefs thro* the

finer capillary veflels, and many other things

which are fhewn and deduced from the fore-

going experiments : But may alfo be very fer~

viceable in fhewing what efFeft different li-

quors have on the finer veflels of the body,

*uiz. when they are either hot or cold, or

have different degrees of reftringent or other

qualities.

z. For
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2. For fmce the healthy flate of an animal

confifts principally in a due equilibrium be-

tween its fluids and folids, fo that an error

in the folids will greatly contribute to the

difordering of the fluids too, it will there-

fore be very ufeful to fee, what effects differ-

ent liquors have on thole folids, either in

relaxing them when too tenfe, or in contracl:-

inc; and ftrcngthcning them when too lax.

And tho' thefe feveral properties of many of

them arc, by long experience, well known

to the skilful Phyfician^ yet fince it is make-

ing fome advance in knowledge, farther to

illuftrate even known truths, a fuller demon-

ftration of the effects of fome of thefe liquors

may be of fervicc in confirming the known

explications of the operations of medicines,

and in farther clearing up the reafons of fuch

as are more doubtful.

3. I took a young Spaniel Dog, which

weighed twenty-one pounds; and as foon as

he had bled to death by having his jugular

veins cut, I immediately opened his Thorax

and Abdomen, and having fixed a glafs tube,

which was 4+i fret high, to the defccnding

Aorta, I then flit open his guts, from end

to end, in the fame manner as in Expert-

pient IX. Then having poured blood-warm
water
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water on them, and covered them with a

folded cloth dipped in the fame water, warm

water was poured into the tunnel ,• which

when it had fubfided to a mark on the lower

part of the glafs tunnel, eighteen cubic inches

of warm water were immediately poured in,

out of a pot which held juft that quantity:

The time that it was running thro' the fine

capillary arteries was meafured by a pendulum

that beat feconds.

4. I firft poured in feven pots full of warm

water, the firft of which patted off in fifty-

two feconds, and the remaining fix gradual-

ly in lefs time, to the laft which pafTed in

forty-fix feconds.

$. Then I poured in five pots of common
brandy, or unre&ify'd fpirit of malt, the firft

of which was 68'' in palling, the laft 72".

6. Then I poured in a pot of warm wa-

ter, which was 54" in palling.

7. Hence we fee, that brandy contra&s the

fine capillary arteries of the guts, and that

water foon relaxes them again, by diluting

and carrying off the fpirituous part of bran-

dy, which, as it is well known, not only

contrads the coats of the blood- veftels, but

alfo thickens the blood and humours 5 both

which effects contribute to the fudden heat-
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ing of the blood, by much increafing there-

by its fri&ion in the contracted capillary

veffels j which fudden heat is alfo further in-

creafed by the mere mixture of brandy with

the blood, as Dr. Boerhaave, Elementa Che-

mi&\ Vol I. p. 366. obferved, that on the

mixing of cold water and fpirit of wine,

they immediately acquired eight degrees of

heat, fo as to make the Mercury in Fahren-

heit's Thermometer rife from forty-four to

fifty-two degrees i and fometimes in a like

mixture it has rifen to fifty-three degrees;

which heat foon ceafed, as does alfo that fud-

den glowing heat which it gives the blood.

Hence it is, that the unhappy habitual drinkers

of brandy, and other diftilled fpirituous li-

quors, do fo infatiably, from time to time,

third to drink of that deadly liquor, which,

by often heating the blood, and contracting

rhe blood-veffels, does by degrees reduce

them to fuch a cold, relaxed and languid

ftate, as moft impetuoufly drives them to feek

for their relief in that liquor, which they too

well know, both by their own experience,

as well as by the daily deftru&ion of thou-

fands, to be fo very baneful and deadly, as

to become by the great abufe of them the

moft
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moft epidemical and dcftru&ive plague that

ever befel mankind.

5>. When cold pump water, which was
fourteen degrees above the freezing point,

was poured on the guts, and fome of it at

the fame time poured thro' the tunnel into

the arteries, thofe capillary arteries would
on a fudden be fo contracted, as that the

fourth pot of cold water was 80" longer in

palliiig thro', than the like quantity of warm
water was juft before: And the fifth pot be-

ing warm water, and the guts at the fame

time being warmed by water poured on them,

it palled in 77" fooner than the former pot

of cold water did.

10. Hence we plainly fee how greatly

heat and cold dilate and contract our pores,

which muft therefore confequently have a

proportionable efFed on our perfpiration, that

great and important evacuation: Thus hot

baths greatly increafe perfpiration, but a cold

damp air, and cold north-eafterly winds, by

conftringing the pores retard perfpiration,

notwithftanding there is no abatement of the

internal heat : And on the other hand, when

the blood is cold, as in dropfies, the perfpi-

ration will be much rebated for want of a

due internal heat, notwithftanding the pores

may
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may be relaxed: Yet in a burning fever,

when, by reafon of its great heat, the pores

fliould be open, there is notwithftanding very

little perfpiration; this, as well as the other

glandular fccretions,being greatly diminifhed,

and in a manner obftruded, by the then vif-

cid date of the blood.

11. When immediately after warm water,

three pots of water, fo warm as that I could

fcarcely bear my hand in it, were poured in-

to the arteries, the third pot paflcd thro' in

lefs time by 30", than the preceding warm
water ; and the next pot of water, which was

confiderably hotter than the laft, paffed off

fooner by 18" than the foregoing. The like

hot water was at the fame time poured on

the suts.

Experiment XVI.

i.T Made a ftrong deco&ion of Peruvian

JL bark, boiling a pound of it in three

gallons of water to two > when cold, it was

filtrated feveral times thro' a flannel bas.

The day following I prepared and flit the

guts of a young Spaniel Bitch, as in the fore-

going Experiment.

2. I
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2. I firft potir'd into the tube which was

fixed to the Aorta, four pots of warm water,

containing eighteen cubic inches each, the

Jaft of which pafled off in 62" of time.

Then I poured in fucccfliv'ely fixteen pots of

equally warm deco&ion of bark, the firft of

which pafled off in 72", and the following

flower and flower, in proportion as the vef-'

fels grew more and more contrafted by the

ftyptic quality of the deco&ion, fo that the

1 6th pot was 224" in pafling.

3.Then I poured in fucceflively eleven pots

of water of the fame heat with the decoc-

tion, the firft of which pots was 198" in paf-

ling, and the fucceeding ones pafled fooner

arid fooner in proportion as they wafhed off

the deco&ion, and thereby relaxed the coats

of the capillary veflels, till the eighth pot,

which pafled in 96", after which the three

following pots of water pafled off in the

fame time, the veflels relaxing no farther. It

was not to be expe&ed, that the water fliould

fo far relax them as to pafs off in 62" of time,

which the above-mentioned fourth pot of

water did in this experiment 5 for I always

found, that by a long continuance to pour in

water, the veflels did gradually let lefs arid

lefs pafs j the capillary veflels being compref-

fed
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fed by the water that insinuated into all parts

of the coati of the guts, fo as to make them

much thicker than they were at firft; now
the conftriition which is thus occafioned can

only be inlargcd by the affufion of much
hotter water, as was done in the foregoing

Experiment 5 whereas the conftriction of the

veflels, which is owing to the ftyptic quality

of the liquor, is, we fee, in this Experiment

and others, manifeftly taken away by the re-

laxing quality of the water, which v/afhes

away the ftyptic virtue.

4. I then poured in fucceflively five pots

of cold pump water, which was fourteen de-

grees above the freezing point 5 and whereas

the preceding pot of warm water palled in

96", the fifth pot of this cold water was

136'' in palling.

5. I tried in like manner a ftrong decoc-

tion of oak-bark on another Dog, in which

the preceding pot of warm water was 38"

in palling 5 but the following fix pots of de-

coction fo contraded the veflels, that; the laft

of them was 136' in palling.

K Experiment



1 3 o Htfmaflatics,

Experiment XVII.

i. T TAving prepared a deco&ion oftwelve

JLjL ounces of chamomel flowers, boil-

ed in three gallons of water to two, I pour-

ed it blood-warm thro' the arteries of the flit

guts of a large Pointer Spaniel. I found by

the velocity with which the four firft pots

of deco&ion run off, that there was by ac-

cident a large branch of an artery cut 5 which

being (lopped by a ligature, I poured in fuc-

ceilively eleven pots of the decoction, the

firft of which patted off in 96" of time, the

laft in 138" j lb that there is fomc degree of

ftypticity in this decoction. Through inad-

vertency I omitted to pour in firft fome pots

of warm water, by which the degree of ftyp-

ticity would have been known more nearly.

2. Then the laft of four pots of fcalding

hot water paffed in 116".

3. After thefe, fix pots of a decodion of

two ounces of cinamon in a gallon of

water being poured in hot,, the vcftels gra-

dually contracting, the laft pot was 216" in

palling. We fee in this inftance, how effec-

tual cinamon> by its great ftypticity, is in

flopping
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(lopping too large difcharges into the cavity

of the guts.

4. Then a pot of milk-warm water pafled

in 15-6".

5-. Next, a pot of fcalding hot decoftion

of chamomel flowers was 194," in palling 5

which further {hews its ftypticity.

Experiment XVIII.

1. T TAving, as in the three foregoing Ex-

JLjL pcriments, prepared and flit the

guts of a Dog, I firft poured twelve of the

above-mentioned pots full of warm water

thro' the arteries 5 the firft of which was

68" in palling 5 the following pots palled

iucceflively fader and fader, to the four lad,

which all pafled off" in 38".

2. Then I poured in feventeen pots of

equally warm Tyrmont water, the firft of

which was 40 ' in palling, and the following

pots were in fucccllion longer and longer

in parting, to the 17th, which was 76'' in

palling.

3. I then poured in ten pots of equally

warm pump water, which gradually relaxing

the capillary arteries again, each pot pafled

K 2 'off
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off a little fooner and fooner, to the laft,

which was 64" in palling off.

4. We fee in this and the three foregoing

Experiments, how the veffels of the body are

manifeftly contracted or relaxed, by different

degrees of warmth, heat or cold, or from the

different qualities of the fltiids which pafs thro'

them, as to reftringency or relaxing : And fuch

qualities of the fluids muft have very confider-

able effects on the finer capillary veffels, whofe

Goats bear a much greater proportion to the

contained fmall cylindrical fluid, than in larger

veffels: Tho' it is not to be imagined, that the

effe&s are fo fudden and great in a live animal,

as in thefe Experiments; becaufe in a live ani-

mal, the fevcral fluids which are taken in, are

more gradually, and in fmaller proportion,

blended with the blood.

5-. Tis probable, that fuch things as con-

ftringe the veffels in any degree, do alfo pro-

portionably increafe the force of the arterial

blood, and thereby invigorate the animal.

For fince the more the extreme capillary vef-

fels of the arteries are contracted, fo much the

greater force will be requifite to impel equal

quantities of blood thro' in equal times; the

blood muft needs therefore be the more accu-

mulated in the arteries 5 and being thus im-

pelled
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pclled through fmaller capillary vcflcls with

greater force, it will thereby both acquire a

greater degree of heat, and be alfo the more

attenuated and digefted. Tis by this means

that bitters, fuch as chamomel flowers, and the

Peruvian bark, may be greatly beneficial to the

blood, as well as by rectifying its Crafts in mix-

ing with it as a menftruum. Thus the Cortex

is in a double capacity an attenuator, both by

reftringing the vcflels, and alfo by diluting as

a menftruum the fluid of the blood, which it

is well known to do, when mixed with extra-

vafated blood : And in like manner chalybeats,

which are ftyptic,do attenuate the blood j thus

alfo ropy wines are cured by ftyptic attenuators,

which precipitate the tartar.

6. The hidden glowing warmth that bran-

dy gives, is owing not only to its railing a

warmth in mixing, as was before obferved,

with the blood as a menftruum, as it does

when mixed with cold water 5 but to this alfo
>

that at the fame time that it gives a contractive

fpring to the coats of the vefiels, it alfo thick-

ens the blood, which muft neceflarily caufe a

much greater rcfiftance and fri&ion between
the contracted veflels and the more infpiflated

blood, which muft needs therefore raife a

greater heat: Whence the blood vcflels in the

K 3 brain
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brain being dilated by thefe or other fpirituous

liquors, and thereby too plentiful fecretions

being made into the fubftance of the brain,

caufe intoxication and deep. Whereas the

Cortex by attenuating the mafs of blood, at

the fame time that it contracts the veffels, does

not occafton that fudden glowing heat that

brandy does, notwithftanding it may perhaps

equally contrad the veffels. But when the

bark is given in the paroxyfm of a fever, it

is obferved to increafe and prolong the fever,

which is probably owing to its reftringing

quality, which by leffcning the diameters

of the veffels, in that too rapid ftate of the

blood, muft neceffarily increafe its heat.

7. It is by this reftringency alfo that the bark

is fuppofed to cure thofe who are fubjeft to pro-

fufe fweatings, it contracting the pores.

8. The contraftive effeds of different li-

quors on the veffels may be of very different

length of duration 5 thus that of brandy is of

fhort duration, for vinous fpirits are eafily to-

tally abforbed by a more watry fluid 5 whereas

the effeds of other reftringents on the folids,

fuch as Cortex, Chamomel
y
&c. *Pyrmonty

Sfiaw, and other chalybeat waters, are of a

more permanent duration. But thofe who
much accuftom themfelves to drink ftrong

fpirituous
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fpirituous liquors, do thereby deftroy the

tone of the fibres of their veflels, by Iiaving

them, thus frequently, fuddenly contracted,

and fo foon relaxed again 5 which make them
like the horfc-leech, be ever longing after and

thirfting for more and more, thereby to regain

the tenfity of their too relaxed fibres.

9. Thus what we take in, cither as food

or phyfic, will have different effects on our fo-

lids as well as fluids, according to their dif-

ferent natures 5 and as a healthy ftate confifts

in a due equilibrium between the folids and

fluids, it greatly imports, that they be rightly

adapted to the different conftitutions, fo as

cither to invigorate, contract or relax the

fibres of the folids ; or to change the qualities

or quantities of the fluids as occafion fhall re

quire.

Experiment XIX.

j. ' I AHAT I might know with what dc-

X terminate force I impelled air into

the veflels, Iprepar'd the following inftrumentj

vk&* I fixed to a common brafs cylindrical

Air Forcer an alder flick, which was two feet

long, and two inches diameter, thro' which

3 hole of half an inch diameter was made from

K ^ end
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end to end: One end of an inverted glafs

fyphon was laterally fixed into a hole in the

middle of the alder (tick 3 then four inches

depth of mercury being poured into the fy-

phon, its other orifice was clofed up with ce-

ment, and a piece of bladder tied over it.

When this inftmment was by means of a brafs

pipe fixed to any veflel of an animal, 1 could

by the height of the mercury in the mercu-

rial gauge fee with what force air was im-

pelled,

2. When air was with this inftrument forced

into the defcending Aorta, or the Vena Torta,

none paffed thence into the cavity of the guts,

tho' water by Experiment XIV. Numb. n.
did freely.

5 . Neither,when I flit a part ofthe guts length-

ways, would any air pafs thro* thofe tranf-

verfely cut, converging arteries, when impelled

with a force equal to that of the arterial blood

:

But when thofe arteries had been firft wafhed,

by the flowing of warm water thro' them,

then the air aifo would pafs freely 5 which

{hews how requifite it is to wafh the blood-

veflels, before inje&ions be made with co-

loured liquors.

4. Tho' air, when blown in at the Aorta,

will not thence enter the cavity of the guts,

yet
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yet it will pafs thither, when it lies in a la-

tent ftate in the Interfaces of a liquor : For

having cut afunder in two places a Dog's

gut, at the diftance of two feet length, I

wafhed that piece of gut clean, by palling of

warm water thro' it 5 then tying up each end

of it, new frothy fmall beer,which was blood-

warm, flowed from a perpendicular height

of 4+i feet thro' the defcending^rta, and

thence, after fome time,in confiderable quan-

tities into the ftomach and guts. I found a

quantity of it equal to two cubic inches in

the piece of gut which was wafhed and tied

up at each ends it was turbid, and of a

tawny colour, like the grounds of beer.

When I warmed this again over the fire,

frefh froth arofe on the top of it : An argu-

ment that the flatulent air, which is gene-

rated in the ftomach and bowels,may not arifc

wholly from flatulent food, or fome irregu-

larity in the digeftion of it 5 but that it may

in part alfo arife from too flatulently difpo-

fed fecretions, that are made in the ftomach

and guts, from the glands of thofe Vifcera.

If therefore there be at any time air in the

blood-veffels, it may, by being firft reforbed

into the blood, be by this means difcharged

from it in thefe plentiful fecretions.

Experiment
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Experiment XX.

i.TT THEN tubes were fixed at the fame

VV time to the left carotid artery, and

alfo to the left crural artery, and water pour-

ed into the tube at the carotid artery, fo as

to be four feet feven inches high in that tube,

then it would rife four feet four inches in the

other tube : And when the water fubfided fix

inches in the carotid tube, it would propor-

tionably fink in the other tube, and rife again

when that was filled up. When the column

of water in the carotid tube was <>+- feet

high, then it rofe in the other tube eight

feet eleven inches. The inequality of the

fcveral heights of the columns of water was,

as I guefs, owing to the fmallnefs of the brafs

pipe which was fixed to the carotid artery,

on which account it was not fufficient to

fupply in full plenty what ran off to waftc

in the other branches, and at the fame time

keep up the water near to an equal height

in the other tube, which it would doubtlefs

have done, if by a larger pipe the tube had

been fixed to the defcending Aorta.

2. When I took away the tube from the

crural artery, and the water at the fame time

ftoo4
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ftood 9+4- feet high in the other tube, then

the water fpouted 1 1+4- inches out of the

artery, which was held with its orifice upright.

3. When a column of water was 4+4 feet

highprciTed into the carotid artery, then ano-

ther tube being fixed at the fame time in the

Vena Torta, pointing towards the guts, the

water role (lowly fix inches in the tube : But

when the tube was fixed in the defcendin^

Vena Cava towards the Dog's legs, then no

water rofe in it.

4. If we could be fo happy as to find a

liquor of fuch a due confidence, as to pafe

freely thro' from the arteries to the veins
> as

the blood does in its natural (late, then many-

curious and ufeful Experiments might in this

manner be tried on icvcral parts of the body.

5. It was with this view that I made co-

lumns of warm water flow into the arteries

of dying Dogs, at the fame time that the

blood run out at the veins, viz. to try if by

this means I could warn all the glutinous

blood out of the finer capillary arteries and

yeins, by making water thus inftantly follow,

and impel the blood out of them: But I

was foon difappointed in my expectations.;

for the water, tho' a much more dilute fluid

jhan the blood, had no free paflage from the

arteries
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arteries to the veins 5 the reafon of which

feems to be, that, as appears in many in-

ftances in the fecond and third chapters of

Vegetable Staticks, water entering the in-

terfaces between the fap-veflcls of the cut

branches, did in a few days ccmprefs the

fap-veflels, they withal at the fame time

contracting themfelves, fo that no water

could enter them: And the cafe is juft the

fame here in animals 5 for water in many of

the foregoing Experiments, freely pafling from

arteries through innumerable paffages, which

^ere too fine for the blood-globules to enter,

does thereby, as in vegetables, fo comprefs

the extreme capillary arteries, as to hinder a

free paffage thro* them 5 and this is further

confirmed by the observation, Numb. 3. Exp.

XVI. where it was obferved, that the larger

converging capillary arteries of the guts were

gradually more and more comprefTed, by thp

continuance of water flowing thro' them.

6. We may hence alfo with good reafou

conclude, that the extreme capillary arteries

are of a more elaftic contractive nature, fo

that the water not being, like the blood, full

of globules, it cannot keep thofe veffels open,

as the blood docs by an uninterrupted feries

pi globules following each other j and the

greater
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greater proportion the quantity of thefc glo-

bules bears to the more diluted part of the

blood, the leis quantity of fluid will be fc-

cerned from the arteries, and 'vice verfa.

And hence it is, that it is found fo difficult

to inject with vermilion, or other coloured

liquors, the immediate communications be-

tween the arteries and veins, in purfuit of

which I made fome few attempts ; -viz.

Experiment XXI.

i.> a ^HO* I was fenfible, that anatomical

JL injections have of late years been

carried to a good degree of perfection by

fcvcral skilful anatomifts; yet as they both

prepared their veflels, by injecting water into

them with a fyringe, and alfo injected their

melted coloured liquors by a fyringe; in ufing

of which inftrument, one cannot be allured,

with what force either the water or nfelted

liquor is impelled, fo as to be fecure from

breaking the finer veflels, or from making

blotches by too ftrong an inje&ion; there-

fore, to remedy thefe inconveniences, I

thought it would be fafeft, as well as more

effectual, to wafh the blood-veflels from a

perpendicular height of water, which fhould

impel



14* tJamajtatics.

impel it with a force no greater than that

of the arterial blood; and after the reficls

were thus clean fed, to make the injections of
coloured liquors, by pouring them thro' hot

iron tubes, of fuch lengths as experience

fhould prove to be bed : This, I hoped, might

be a likely method to bring the art of inject-

ing to greater certainty and perfection. But

tho' I have not fucceeded herein fo well as

I expected, yet it may not be improper to

give a fhort account of fome few attempts

which I made in this way; that more skilful

anatomifts may judge whether they mail think

it advifeable to purfue the matter further; in

which purfuit I am perfuaded they would not

lofe their labour.

2. When I intended to in j eel: coloured li-

quors into the blood-veffels of a Dog, having

fixed a tube 4+- feet high to his left caro-

tid artery, and then cut both jugular veins

open, I immediately poured blood-warm wa-

ter down the tube, to wafh the blood out of

the veffels: Then, as foon as the Dog was

dead, I opened his Abdomen, if I defigned to

in j eft the lower parts, and cut open the Vena

Torta, and defending Cava, to give room

for the water to wafh the blood from the cor-

refponding arteries into them > for the blood

having
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having no paffage in the dead Dog, thro' the

liver, it was fo pent up in the Torta, as to

rufh out forcibly when that vein was cut.

Then the water continued to flow thro' the

arteries from the tube 5 which was fupplied

either from a large vcffel of warm water,

whence it run, or elfe by lading it into the

tunnel; this was continued for half an hour,

and fometimes an hour or more, till the guts

and ftomach were white.

3. Then opening the Thorax y
I fixed a brafs

pipe to the defcendingyfwta, and to the pipe

was fixed a gun- barrel, which was heated by

pouring boiling water into it feveral times,

and with which it flood filled till wanted, its

great end (landing alfo fome depth in a vef-

fel full of hot water: Then the inje&ing li-

quor being duly heated, was poured down the

barrel till it was full, thro' an iron tunnel

which was fitted to the outfide of the bar-

rel, that it might have a larger orifice for li-

quor to flow in faft.

4. I had at firft no brafs cock at the bot-

tom of the barrel j but being apprchenfivc

that the liquor which firft flowed into the

arteries, before the barrel was full, mi^ht

not go to the extremities, for want of a fuf-

ficient impetus from a greater perpendicular

height,
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height, I therefore fixed a brafs cock at the

bottom of the barrel, which being flopped

till the barrel and tunnel was full, was then

immediately opened to let the liquor rufh in-

to the arteties with a full impetus. This

method did ibmetimes fucceed pretty well,

but Ibmetimes no better than the other; which

made me fufpecl, that the vermilion might,

by its great fpecific gravity, fubfide in too

great quantity towards the bottom of the

barrel, before the cock was opened.

f. One of the barrels was 4+ ~ feet, and

the other 5-+- feet longi I fomctimes ufed

them fingly, and fometimes joined together

in one tube 5 this column of ten feet never

caufed any blotches in the injeclion.

6. The mixture I made ufe of was the fol-

lowing, viz. white rofin and tallow, of each

two ounces, melted and (trained thro' linen;

to which was added three ounces of vermi-

lion, or finely ground indigo, which was firft

well mixed with eight ounces of turpentine

varnifh. I was obliged to Mr. Ranby for

communicating to me this receipt.

7. I kept the bowels warm, either by fre-

quently pouring warm water on them, and

covering them with a wet cloth, on which

warm water was often poured, or elfe by im-

merfing
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marling the wholeDog in a veflel of warm
water. I believe I fhould have fucceeded bet-

ter, if this water had been as hot as that men-

tioned underExperiment^ . Numb. 11. for

that degree of heat, as we there fee, not

only difpofes the fine veffels to dilate much,

but coming alfo near to the heat of the melted

injected liquor, it will not cool fofoon; where-

by it will have more time to infinuate itfelf

into the finer veffels > which insinuation is

greatly promoted by the conftant even pref-

fure of the column in the barrels ; for which

reafon I did not take away the barrels till all

was cold.

8. I was in hopes by this means to have fix'd

the coloured inje&ed liquor, in the immediate

communications between the arteries and

veins 5 but could not fucceed fo well as I ex-

pected to have done, notwithstanding the

injection paffed from the arteries into the

veins of the ftomach, guts and urine-bladder,

but efpccially in the gall-bladder i and carried

with it fometimes a little vermilion, and lome-

timesnonc. I have a gall-bladder, which was

injected from a column 4+I feet high, with-

out a brafs cock at the bottom of the barrel.

All the blood-vefiels of this Dog had firft been

wafhed for an hundred minutes, frpm a co-

L lumn
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lumn of water 9+- feet high: The arteries

and veins of this gall-bladder are both injefted,

and there is a confiderable quantity of vermi-

lion in the veins, tho' not fo much as in the

arteries 5 I can plainly fee with a microfcope

here-and-there an extreme artery inje&ed to

the very coat of the vein, which it enters at

right angles $ fo that the blood circulates by

immediate anaftomofis of the arteries and

veins, without the interpofition of any glan-

dular cavities.

9. The immediate communication between

the arteries and veins feems to be in this man-

ner 5 viz. the arteries which converge and in-

ofculate into each other, fend out of each of

their converging fides branches at right angles

to thofe fides 5 which branches foon divide, like

the fpread fingers on the hand, into feverai

much finer branches -

3 and thefc into others,

fome fewer, fome more, according to what

part of the Areola, or net-like mefh, they are

to reach to j hence they dip at once, at right

angles down to the veins, which they alfo

enter alfo at right angles, fome into the larger

converging veins, others into the leffer veins,

which like the arteries branch at right angles

from the converging veins,and fpread like them

. the Areolas or mefhes : But the Areolas be-

tween
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tweenthe converging arteries are much larger,

and more nearly right-fided and re&angular,

than the Areolas of the converging veins,

which approach nearer to circles.

10. The great difproportion there is, be-

tween the force of the arterial and venal

blood, fhews how needful it was, not only

to have all the communications between the

arteries and veins fo very fmall, that only fingle

globules can pafsj but alio to have the blood

both pafs from the arteries at right angles, and

likewifeto enter the veins in the fame manner,

which muft greatly contribute to the retarding

of its motion, efpecially in very fine chan-

nels. Elfc the arterial blood would rufh with

luch rapidity, as thereby to make the force of

the blood in the arteries and veins come

nearer to an equilibrium 5 the obvious confc-

quence of which would be, that the blood

could not be impelled thro' the finer capillary

veflels, befides many other inconvcnicncics

that might be enumerated. But the extremities

of the arteries are not in all parts alike, for in

ibme places they do not form a net- work 3 fo

that the pafTage of the blood form the arteries

may be in a very different manner in different

places.

L 2 IX. Since
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1 1 . Since from Experiments XV. and XVI.

&c. it is found that where water has long

paired thro' the arteries, it is apt to contraft

the veffels by dilating the adjoining parts 5

and fince in Experiment XXIII. Numb. 7. it

is obferved, that when the coats of the ftomach

have been thus filled with water, on blow-
ing up the ftomach, that water has flowed out

plentifully from thofe coats of the ftomach 5

it fhould therefore feem a good method, to

diftend the ftomach and guts with wind for

fome time, in hopes to get out a good part of

the water which was lodged in their coats,

while the blood-veffels were wafhing clean,

taking care to immerfc the Dog all the while

in warm water. Tis probable that by this

means the blood-veflels would be well cleans'd

and emptied, and thereby rightly prepared to

make a good injection. And if one of the

crural arteries were opened, and had a ligature

put round it, this ligature might be inftant-

ly tied as foon as the inje&ed liquor had forced

the water and air out of the Aorta, which muft

elfe have been driven before the inje&ed liquor

into the finer capillary veffels, which doubtlefs

often hinders the inje&ion from penetrating

fo far as it would otherwife do,

12. Some
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1 2. Some of the vermilion came always in-

to the cavity of the bowels, tho' the injections

were made with no greater force than that of

the arterial blood, viz. with a column of

4 -f-
i. feet high j and it was the fame whether

the injection were made by the Aorta or

Vena Torta 5 for in both cafes, the red ftreaks

of vermilion might be feen with a microfcope

in the Tapill<e of the mucofe coat of the

bowels.

13. As none of this vermilion paffcd into

the lymphatics, fat veficlcs, or extravafated

parts, as the water did, this is a proof that

the water, which was impelled with no greater

force than the vermilion, did not burft any

veiTels, when it became extravafated ; but that

it pafled thro' the fined feccrning tubes, as

alfo thro' the pores of the veffels, where vif-

cid blood cannot pafs.

14. I wafhed the blood-vcffels of a Dog
with ten quarts of water, in which five

ounces of nitre had been difTolved, to try

whether this liquor would more effectually

cleanfe the veffels: but it had the contrary

effect ; for all the parts of the body continu-

ed very red, after long wafhing, fo that the

nitre, which attracted flrongly the more ful-

phureous red globules, fixed them in all the

L 3 veffels.
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veffels. It was very remarkable, that none of

this Dog's mufcles were convulfed by this

nitrated water, nor by common fait and wa-

ter, as they conftantly were, when fair water

patted into the arteries. All the blood of this

Dog was very florid, as it flowed out at the ju.

gular veins.

iy. When a gallon of water was injc&ed

into a Dog's arteries, in which water two
ounces of fal armoniac was diffolved, all

parts were alfo very red. But I neglected to

obferve whether his mufcles were convulfed

or no.

Experiment XXII.

i. yi FTER. having feenmany proofs of

il the great force of the blood in the

arteries, and alfo in the veins, when an ani-

mal exerts its ftrength; I thought it might not

be an ufelefs inquiry to examine the ftrength of

the coats of thofe veflels.

2. I poured into an inverted glafs fyphon

fome mercury^ fo as to have the fhorteft leg,

which was hermetically fealed, filled within

four inches of the top: To the other open

end of the fyphon I fixed, by means of a brafs

pipe, one end of the right carotid artery of a

1
• - fmail
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fmall Spaniel Dog, and to the other end of

the artery was fixed a condenfing fyringe.

Then placing the artery in water, to fee whe-

ther it leaked, I impelled air in to fueh a de-

gree, as made the mercury comprefs the air

between it and the fealcd top of the tube into

fo fmall a compafs, as fhewed by eftimation,

the force to be equal to a column of water a

hundred and ninety feet high, or equal to the

weight of f.42 atmofpheres j with this force

the artery burft at once, but no air pafied thro'

its coats before it burft.

3. The diameter of this artery being 0.1

inch, the circumference is 0.314; the whole

furface of an inch length of the artery will

be 0.3 14, of a fquare inch : Now a column of

water, whofe bafe is a fquare inch, and its

height a hundred and ninety feet, weighing

82.$ pounds, 0314 part of that is 25.93

pounds, equal to the force which an inch

length of the artery fuftained, when it burft.

And its diameter being 0.1 inch, the one

tenth part of §2.6 pounds, or 8.26 pounds, is

the force which was requillte to burft afunder

the fibres in an inch length of the greateft

fettion of that artery. The force of the ar-

terial blood in a Dog impelling it but eighty

inches high in a tube; this is but -
2

'

7
th part of

L 4 the
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the utmoft ftrength of the artery, an allow-

ance being here made for the difference be-

tween the fpecific gravity of blood and

water.

4. When the velocities of the pulfes are

increafed by the brisk motion of the body,

as in a Man from feventy-flve to a hundred

and twenty, fo in a Dog from ninety-feven to

a hundred and forty-two in a minute, the

quantities thrown out of the left ventricle of

the heart cannot be proportionably increafed j

for the left ventricle cannot receive and throw

out as much blood in each very accelerated

pulfe, as in the natural flower ones : Befides,

as the force of the blood increafes in the ar-

teries, fo will it on that account pafs off the

fafter, as alfo on account of the extreme capil-

lary veffels being inlarged, both by the greater

force and heat of the blood. It may there-

fore be reafonably concluded, that in the great-

eft motion of the body, and quickeft and

fulleft pulie, the force of the blood will not

rife proportionably from eighty to one hun-

dred and feventeen inches ; but may reafon-

ably be fuppofed not to exceed a hundred

inches j that is but
?
-ig-

3
d part of the force

which burft this artery.

f. The
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5-. The carotid artery of the Mare ufed in

Experiment III. was fo ftrong, that I could

not break it with my condenfer.

6. Ha* jugular vein burft with a force

equal to a column of feventy-fix feet height of

water- but it was in a part where by often

bleeding it was near double its natural dia-

meter. The other part of that vein which

was ~ Inch diameter, burft with a force equal

to a column of water one hundred and forty-

four feet high. A jugular vein of another

Horfe bore a prefture equal to a hundred and

forty-eight feet height of water, and did not

burft, but had fome fmall leakages, out of

which a little air efcaping, prevented its total

burfting.

7. This vein being o.f inch diameter, an

inch length of its whole furface will be 1.77

fquare inch; and a column of water whole

bafe is a fquare inch, and its height a hun-

dred and forty-eight feet, will weigh 64.37
pounds • which, multiplied into the area of

an inch length of the vein, gives 101 pounds,

the weight which that inch length of vein

fuftaincd without burfting. And the area of

its greatcft fe&ion lengthwife being 0.7 fquare

inch, the fibres in that fe&ion fuftaincd

22.18*7 pounds without breaking.

g. No\y
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8. Now fuppofe the ordinary force of the

blood in the jugular vein of a Hoife to be

equal to twelve inches height of blood, this

will be but rrht °f the force which it fuf-

tained without burfting. Andfince, when
theHorfe drained to get loofe, the blood rofe

52 inches high in the tube fixed to his jugu-

lar vein, and would have rifen fomewhat high-

er, if the tube had been longer, fuppofe to fixty

inches, this will be but
B^ th part of what

the vein was able to fuftain.

9. I impelled air into a piece of the right

jugular vein of a Dog, to fuch a degree as to

comprefs the air in the mercurial gauge, with

a force equal to the weight of five atmo-

fpheres, or to a column of water five time$

thirty-five feet high, that is, a column a hun-

dred and feventy-five feet high 5 yet this force

did not break the vein, but one of the liga-

tures failed.

10. The diameter of the vein being

o.2jr, thefurfaceof an inch length of it will

be 0.78 f fquare inch 5 this, multiply 'd by 76.1

pounds, the weight of a column of water whofe

bale is a fquare inch, and its height a hun-

dred and feventy-five feet, gives 59.7 pounds,

the weight v/hich preffed on an inch length

of this vein 5 whofe diameter being §.*f, the

area
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area of its greateft longitudinal fc£tion is 0.2 5%

fquare inch 5 which, multiplied into 59.7,

gives 14.9 pounds, the weight which the

.fibres in that fettion fuftained.

11. The common equable force of the

blood in the jugular veins of a Dog, being

about five inches, this is but yj-gth part of the

force which this vein fuftained without burft-

ing. And if we fet the force of the blood

in ftraining, to be twenty-four, fufficient to

raife it twenty-four inches in a tube, which

was the height to which it rofe, when the

old Dog, Numb. 10. (trained, fee the table,

p. 4Z. then this force will be -^d part of the

force which this vein fuftained: An allow-

ance in both thefe cafes is made for the dif-

ferent fpecific gravity of the blood and water.

As there is doubtlefs a very great difference in

the ftrength of the fibres of young and old

animals, I had intended to have inquired,

in the fame manner, into the comparative

itrengths, not only of their arteries and veins,

but alfo of their guts. And if the ftrength

of the pejriofteum and ligaments of the joints

were tried in the fame manner, as in Numb.2$.
of this Experiment, both on old and young

animals, there would be found a confiderable

difference.

12. WC
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12. We fee in thefe inftances the great

ftrength of the coats of thefe veffels; what

great reafon have we therefore with thankful

hearts to fay to our Creator, as holy Job did,

when he contemplated on the wonderful frame

and ftrength of his body, Joh> x. n. Thou

haft not only fenced me with bones andft-

news, but haft alfo effectually fecured the vi-

tal fluid in fuch ftrongly wrought channels,

as are proof againft its moft lively and vigo-

rous fallies, when either agitated by the dif-

ferent paflions, or by ftrong or brisk a&ions

of the body!

13. It was computed above, that the force

of the blood in the Dog's artery could not

probably increafe more in its moft violent

motion, than from eighty its natural ftate to

a hundred, that is, one fifth part more. But

in the veins the difference is manifeftly greater;

for in the Mare it rofe from twelve to fifty-

two inches, and would probably have rifen

to fixty inches, if the tube had been longer,

L e. five times its natural equable height. And
in the Dog, Numb. 10. it rofe from five to

twenty-four inches, that is, near five times

as high.

14. Now it was obferved in Experiment

VII. Numb. 4. that when a Dog s belly was

conv
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compreflcd with the hand, the blood would

conftantly rile a few inches in the tube fixed

to his artery, and fubfide again when the hand

was taken offj and in like manner the in-

creafed force of the blood in the veins feems

to arife chiefly from the conftriftion of t'.c

Abdomen: For when we exert our ftrensth

in lifting or the like, we conftantly contract

the Abdomen what we arc able, by the joint

action of all its furrounding mufcles j and the

diaphragm is alfo further afliftcd in that ac-

tion, by keeping the lungs and thorax dif-

tended with wind, which is there pent in by

hindering its expiration at the mouth and nofe

:

And as we cannot thus hold our breath long,

fo neither can we thus exert our utmoft

ftrength long, without fome fhort intervals of

abatement. And during this (training we
conftantly fee the veins of our neck, forehead

and temples, much diftendedj the blood be-

ing forcibly impelled into them from the

much contracted Abdomen, in whofe large

veins there is plenty of it in (tore; for the

number and capacity of all the veins of the

body is obferved to be much greater than that

of the arteries.

15-. And while the blood is thus ftrongly

compreflcd in the veins, it muft prcportion-

ably
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ably retard itspaffage out of the arteries ; it

being therefore there accumulated, will ac-

quire an additional force of four feet perpen-

dicular height, that is, in all equal to 13+Y
feet in the (training Mare : And an additional

force of twenty-four inches, equal in all to

eight feet and eight inches in the (training

Dog; whereby the blood,being impelled more

forcibly into the mufcles, enables them to *Qt

the more vigoroufly.

16. But the free natural courfe of the arte-*

rial blood into the veins is not to be retarded

by the great compreffure of the Abdomen on

its veins, but alio when thofe veins (which

are the great ftore-rooms of both the necef-

fary and too redundant fluids) are too pletho-

ric, in proportion to the degrees of which,

the free courfe of the arterial blood will be

rebated : And the heart being in this cafe like

a water-mill that is furcharged with a flood

both before and behind, its force muft needs

abate and grow languid i in which cafe eva-

cuation by bleeding is well known to reftore

it to its natural vigour.

17. When the courfe of the blood is re-

tarded by fome defed in one part, it occa-

flons thereby a greater flow of k on other

parts: Thus fome of thofe that have a limb

cut
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cut off, have been obferved to be fubjett to

hemorrhages; and, for the fame reafon, a

fcirrhous liver and fpleen will caufe a vomit-

ing of blood ; hence alfo, when the fpleen is

cut out, the liver increafes.

18. As the vigour of the blood in the ar-

teries and veins is thus greatly increafed by

the increafed prcffure on the blood-veffels in

the Abdomen •> fo is its vigour much rebated,

when on the contrary the blood- veffels of the

Abdomen are too little compreffed; thus

when in a dropfy a great deal of water is at

once drawn off by tapping, the patient is

then in danger of dying in the operation i

for which reafon, when the quantity of wa-

ter is large, it is drawn off, not at once, but

at feveral times, that in the intervals the di-

lated parts of the Abdomen may have time to

contraft, and thereby duly comprefs the blood-

veffelsi which are there made large and ca-

pacious, that they may be fit to receive the

greater (tores, with which they are replenifhcd

fometime after meals.

19. And thus alfo the fmall evacuation of

a clyfter will fometimes caufe a fick perfon

to faint, or to be ready to faint 5 an argu-

ment that the vital force of the blood does

then run low.

20. Thus
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20. Thus alfo a natural loofenefs or at purge

do very fenfibly rebate the vigour of the

blood, by too much evacuating the Abdo-

men, as well as by the extraordinary quantity

of fluid that is in thofe cafes difcharged from

the blood into the inteftinal tube. In which

greatly rebated ftate of the blood, the furface

of the body being thereby reduced from a vi-

goroufly perfpiring, even fometimes to an im-

bibing ftate, we are thereby the more fubjeft

to catch cold.

21. When the veflels are in fome degree

emptied by bleeding, there being then a lefs

quantity of blood in the arteries and veins,

and confequently a lefs quantity palling in

equal times thro' the heart, it finds propor-

tionably lefs refiftance from the arterial blood,

whence an abatement in the vigour of the

pulfe 5 it being alfo thereby lefs forcibly pro-

pelled through the capillary veflels 5 and con-

fequently undergoing there much lefs fric-

tion, it grows fenfibly cooler.

2 2.When a vein is opened, the blood flows

for that time not only the fafter in that vein,

but alfo in its correfponding arteries; whence

it is found by experience, that bleeding near

the part affe&ed is in fome cafes moft bene-

ficial > becaufe the fine capillary veflels of that

part,
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part, in which the regular courfe of the blood

is retarded, will by this means be fooner

drained, than if the bleeding were at a more

remote part, efpecially at the beginning of the

difeafe, before the obftru&ion be too firmly

fixed, when bleeding near the affected part

may rather increafe than abate the inflamma-

tion. As bleeding, or not bleeding, in due

time and proportion, are frequently, of the

utmoft confequence to the patient, fo it re-

quires the judgment of the skilful phyfician

to know when, and in what proportion, to

abate by this evacuation the force of the blood.

And in general, fince a human body is fo

curioufly complicated an engine, that the

mutual harmony of fuch innumerable cir-

cumftances muft concur to its welfare, no

wonder that it requires the mafterly hand of

the skilful phyfician to reftify it when out of

order. Were the bold empiric but duly fen-

fible of this, he would not furely dare to in-

termeddle 5 but ignorance is his belt plea.

23. Tho' the ftrength of the coats of the

finer arteries and veins are proportionably thin-

ner and weaker as they grow lefs and lefs; yec

fmcc the funi of the preffure of equally high

columns of water againft the fides of con-

taining cylindrical tubes of different diame-

M ters.



\6z Hamajtaiics.

ters, is proportionable to the furfaces of thofe

tubes; the ftrcngth therefore of their coats

may be equally as much fuperior to the ut-

moft efforts of the blood in them, as thofe

of the larger ones are to the force of their

contained blood j they are therefore propor-

tional to their circumferences.

24,. But as to the finer fecretory veffels and

lymphatics which arifc from the capillary ar-

teries, and are out of the courfe of the circu-

lating blood : Thefe, as they do not fuftain

the full impetus of the arterial blood, but on-

ly ferve more flowly to fecern and convey the

more diluted part of the blood, which is pro-

per either for nutrition, perfpiration, &c. fo

neither are their coats near fo ftrong as thofe

of the arteries and veins 5 as is manifeft from

Experiment XIV. Numb. 6. where when wa-

ter flowed into the arteries, with a force no

greater than that of the arterial blood j yet it

palling freely, by reafon of its great dilute-

nefs, into thofe fecretory vefiels, did there-

by much dilate all the parts of the body.

And it is obferved, that as the elaftic Power

of thofe veffels, and alfo the force of the

liquor that flows in them, is but fmall, fo are

obftru&ions apteft to be in the glands, where

thefe
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thefe vcffcls are both very complicated and

numerous.

2f. Tho' in a living animal there is very

rarely, if ever, fuch an univerfal inundation

and dilatation of all the parts, as is here made

by thefe Experiments on Dogs; yet it fre-

quently happens, that on the ftoppage of one

of the natural evacuations through thefe

excretory duds, others will be increafed,

and vice verfa. Thus, when there is too

plentiful a difcharge into the cavity of the

guts in a great diarrhoea, the perfpiration is

then fmall, and there is little Saliva. On
the contrary, in the quinfy the Saliva

abounds, becaufe the courfe of the blood is

there obftrufted : As alfo in the fmall pox

the quantity of Saliva is large, becaufe the

perfpiration is (topped j which ftoppage of

perfpiration often alfo increafes the quantity

of the Mucus feparated in the nofe. And
from the ftoppage of perfpiration, rheumatic

pains are caufed by too great difcharges of

thefe fecretions among the fibres of the

mufcles, in the fame manner as was manifeft-

ly to be feen in the mufcles of thefe Do^s.

26. It has been obferved, on drinking a

great quantity of water, as three or four pints

at a time, that all parts of the body, and

M 2 even



1 64 Htffliajlatics*

even the fingers, have been dilated : In this

cafe doubtlefs part of this great quantity of

water, being not thoroughly incorporated

with the blood, paflfes thus freely into the

fecretory arteries and lymphatics: The drink-

ing of waters fhould feem therefore to be

of ufe in many kinds of obftru&ions in thefe

veflels.

27. Since the coats of thefe veflels are

found to be fo much weaker than thofe ofthe

arteries, from which they branch off, and

fincc the capillary arteries are ftrong enough

to fuftain the impetus of the blood in violent

excrctfes without fuelling; it may therefore

rcafonably be concluded, that inflammatory

and other fweliings are often owing to the

ferum's or lymph's being, on a ftoppage in

the capillary arteries, impelled with greater

force into thefe fecretory veflels, which cafi-

ly dilating at eachpulfe, occafions thethrob-

bings of fuch fweliings ; which fweliings

comprefiing tlie blood-veflels, as was obferved

in Exper. XVI Numb. j. the blood muft

therefore neccflarily pafs the adjoining capil-

lary arteries with greater difficulty, whence

there muft needs be a greater friftion and

heat y and this inflammatory heat may arife

to a great degree, if the mucofe coat of

the
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the vefiels is thereby rubbed off, when the

globules themfelves may alio be ftripped of

their oily, covering. Hence alio, on catch-

ing cold, thefe fecretory veflels being too full

for want of a due perfpiration, may by com-

pelling the capillary arteries, caulea feverifh

heat, as well as by difordering the Crafts of

the blood. Anatomifts have found, on tying

the jugular veins of a live Dog, and thereby

greatly increafing the force of the blood

in the head, that the head has fwelied: As

alfo by tying the Vena Cava the Abdomen
was filled with water. Thus alfo, when the

texture of the blood-globules is diflblved to

fuch a degree as eafily to enter thefe finer fe-

cretory ducts, then malignant inflammations

are produced.

28. To thefe Experiments on the fcrcngth

of the coats of the blood- vefTels, it may not

be improper here to fubjoin fome that I made
ten years fince to (hew the ftrcngth of the

'Periofteum and Ligaments of thejoints ; viz.

29. I took the inftep bone of the hinder

leg of a Calf, which was nine weeks old,

which bone reaches from the hock down to

the pattern joint, to which it is joined by a

joining called Ginglimns. I cut off from the

t>one all the Tendons, Ligaments and Terio-

M 3 fiei
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Jleum, and bored a hole with a gimblet, thro*

the head of the lower Ginglimus end of the

bone 5 thro* which hole I thruft an iron pin,

which hindred the noofe of a cord that was

fattened to it, from flipping off the head of

the bone. I fattened the other end of the

bone with a ftrong cord to the threfhold of a

door cafe : And then put the end of a long

iron bar thro' a noofe of the rope which was

fattened to the Ginglimus end of the bone.

The bar retted on a Fulcrum, fo as to become

a lever: Then I hung on the other end of the

lever weights fufficient to draw off the head

of the bone at the joining where it grows in

length, which is called Symphysis

-

y I found

the tenacity and refiftance of this joining, to

the weight, to be equal to one hundred

and nineteen pounds, when the 'Periofteum

was taken off.

30. Then I took the inftep bone of the

other leg of the fame Calf, and cut off only

the tendons, but left the Teriofteum entire,

$tid then fixed it in the fame manner as the

former to the lever ; whereby I found the

force requisite to fever the head of the bone

from its fhank to be equal to five hundrecj

and fifty pounds*

3
1

-
BT
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5 1 . By the Experiment on the firft of thefe

bones, the tenacity of the vifcous matter, at

the joining of the head to the fhank, was

equal to one hundred and nineteen pounds;

which deduced from five hundred and fifty-

pounds in the fecond Experiment, there re-

main four hundred and thirty-one pounds,

which gives the ftrength of the Teriofieum^

which is therefore doubtlefs, among other

ufes, of great importance in ftrengthening

the bones to which it mod clofely adheres.

The circumference of the bone, where the

joining Symphyfis was forcibly feparated,

was about four inches, fo that the ftrength

ofone fquare inch of the ^Periojleam is equal

to the force of one hundred pounds weight,

which ftrength is much greater than the above

found ftrength of the coat of the arteries and

veins ; the great Author of Nature ever pro-

portioning the ftrength of all the parts of tl

body to the fevcral offices they are to pa
form.

32. I forcibly pulled afunder in the fame

manner, the hock-joint of one of thofe legs,

having firft taken off the mufcles and ten-

dons. Whereby I found the ftrength of the

ligaments with which that joint was braced,

fo be equal to the force of eight hundred and

M 4 thirty
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thirty pounds weight : So great care has na-

ture taken toprcvent the luxation of the joints,

and fo ftrongly are we fenced with bones and
Jinews, Jobx. n.

33. As a force equal to five hundred and

fifty pounds was found requifite to feparate

the above-mentioned joining Symphysis, fo

in the growth of the bone lengthwife at that

joining nature muft exert a like power 5 not

that we are to fuppofe that the growing fibres

are forcibly ftretched out at each end, in the

manner they were in this Experiment : Na-

ture, in the extending a growing fibre, rather

effefts it by the gentle expansions of warmth,

which exerting its efficacy on every indivi-

dual part of each fibre, does thereby gradu-

ally lengthen it. But yet the whole fum of

this power muft be fuperior to the refift-

ancc of all the fibres which conned this jun-

cture.

34. It may not be improper here to fub-

join an account of fome of the like experi-

ments, which the ingenious and learned pro-

feffor Teeter Van Mujfchenbroek of Utrecht

made on feveral other animal fubftancesj^i^.

" Single threads of ftlk from the Chryfalls
ci of a Silk-worm were torn afunder, fome
Cl with the weight of eighty grains, and others

" with
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« with intermediate weights from eighty to

" ninety grains. IntroduFtio ad coharen-

" tiam corpomm firmorum, p. 520, &e*

35*. ? Fifty- feven of thofe threads, when

* bat little twifted, were as big as a human
" hair 5 thefe fuftained 4845- grains, when
" they brake afunder, viz. each eighty-five

" grains.

3$. " A hair of a healthy young Mans
" head, juft.then pulled off, fuftained 2069
" grains.

'37. " Seven of thefe hairs, when twifted

" were equal in fizc to a Horfe's hair, which
" being untwifted fuftained 963 f grains.

38. " A Horfe's hair fuftained 7970 or

" 7920 grains. So this hair, which was 399
" times bigger than a ftngle filk thread, fuf-

" tained but 7970 grains \ whereas 399 filk

" threads would fuftain 3391 5-, that is, 4.2
cc times more.

38.
<c A Spider's thread, fixteen of which

« were equal to a human hair, fuftained a

" hundred and fifty grains, and fixteen of
v them 2400 grains.

40. " Twenty-three threads of the fibres

" of flax, which all together were equal to

i€ the hair of a Horfe, fuftained 1 1 7 1 o grains

;

* : each of thefe threads, when viewed with a

mi-
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.

u microfcope, might be feen to be compofed
" of at lead fourteen more.

41. " Now fuppofing all thefe above-men-

" tioned threads to beofthefizeof aHorfe's
tc hair; then the number of grains which
<c each can fuftain will be as follows | viz.

iC
filk fpider's flax human horfe-

thread hair hair

tc
33915'. 16800. 11710. 963?. 7970.

tc Whence he colle&s, that the finer the

" component threads are, the ftronger they

V are -

42. u He found alfo, that a chord of a mu-
u

fical inftrument, which is made of animals
u

guts, fuftained thrice as much as a horfe-

" hair of equal iize.

43. " A thong of leather of a calfs skin,

** which was 0.4 twelfths of an inch broad,

" and 0.08 thick, fcarce fuftained eighty

" pounds.

44.
kC A thong of leather of an ox's hide,

" which was 0.4 twelfths of an inch broad,
iC and 0.18 thick, fuftained three hundred
u and eighty pounds; whence he takes oc-

€C cafion to eftimate the ftrength of the

" leathern braces, by which a coach is

cc flifpended > viz,, for fince fuch a thong of

" four
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four lines, or |d of an inch breadth,

will fuftain three hundred and eighty

pounds, one of three inches breadth will

fuftain 3420 pounds; and five fuch fewed

together, to make a brace, may fuftain a

weight equal to 17100 pounds; and four

fuch braces doubled, as they are in coaches,

will bear 68400 pounds, AmJierJam

wreight, which being to Englifi avoir-

dupois, as ninety-three to a hundred, will

be 63612 pounds Englijb. -The inch alfo

here ufed by him is the Rynland inch,

which is to the Engltjb inch as 0.7 y 2 to

one.

5-5-. " He plainly proves alfo by many Ex-

periments, that a twifted rope cannot fuf-

tain near fo great a weight as all its fingle

untwifted threads can do : And that a

rope which is braided like Womens hair,

is ftronger than one twifted in the common
way, in the proportion of one hundred

and feventy to twenty : Difcoverics which

may be of great ufc in many inftances."

5-6. It is well known, that a twifted rope

or cord does contract or fhorten on bcins

wetted i the imbib'd moifture dilating; late-

rally their twifted threads, whence the cord

jnuft contract longitudinally ; but on the con-

trary,



172 Hamafiatus.

trary, fingle untwifted hempen or flaxen

fibres relax on being wetted, as animal fibres

do, tho' not fo much.

Experiment XXiII.

I. Y Made hydraulic and hydroftaticalExpe-

X riments not only on the arteries and

veins, but alfo on the inteftinal tubei by

affixing in like manner tubes of different

heights to each end ofthem, while they were

warm.

z. I fixed a tube to the gullet of a Dog,

and then poured in water, till the ftomach

was fo full, that the water in the tube ftood

thirty- fix inches perpendicular height above

the ftomach ; which force burft it length-

ways in its upper part near the Tilerus, where

it was but 7+i inches in circumference:

Yet no water was impelled thro' the Tilorus

with this force, tho' in fomc other like Ex-

periments it has run thro' there into the guts.

Another Dog's ftomach burft in the larger

left part of it, when the height of the co-

lumn of water in the tube was but thirty

inches.

3. On meafuring the diftended ftomach of

another Dog, I found its whole fujrface equal

to
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to eighty fquare inches, which multiplied into

thirty-fix, the height of the water in the

tube, gives 2880 cubic inches of water, or

104 pounds weight of water, which preffed

againft all fides of the ftomach: And allow-

ing the area of the greateft tranfverfe feftion

of the ftomach to be equal to thirty fquare

inches, then the preffure of the water againft

the fibres of the ftomach in that fe&ion,

when it burft, will be thirty-nine pounds.

Which (hews how greatly Borelli and Tit-

cairn were miftaken, when they eftimated

the force of the fibres of the ftomach to be

equal to 1295-1 pounds i fince we may with

good reafon conclude, that the force of thofe

fibres cannot in a live animal be greater than

the force which will tear them afunder as

foon as dead. Neither can the preffure of

the 'Diaphragm and of the mufcles of the

Abdomen on the ftomach, be in our utmoft

(trainings greater than a weight of mercury-

two inches deep, and of the breadth of all

their areas, as I have (hewn under Experi-

ment CXVL Vol I. p. 270. And that the

fum of the compreffure of the mufcles of the

Abdomen and Diaphragm, and alfo of the

ftomach on its contents, is not nearly equal

to
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to the weight of two inches depth of mer-

cury, is evident from appendix, Experiment

VII. of this Vol. II. where it was found by a

mercurial gauge fixed to the nofe of a large

pair of fmith's bellows, that the moft forcible

blaft of them will fcarcely raife mercury two

inches high in the gauge: And ftnee fuch a

blaft of wind is manifeftly much greater than

the moft forcible puff of wind, which is

belched out of a much diftended ftomach ; 'tis

hence evident, that the ftomach, even in that

much diftended cafe, does not comprefs what

is contained in it with near that force.

4. If we fuppofe the furface of a full fto-

mach to be equal to eighty fquare inches, and

that its contents are compreffed by the aftion

of it, together with that of the 'Diaphragm

and mufcles of the Abdomeny with a force

equal to one inch depth, then the whole pref-

fure on its contents will be equal to thirty-

nine pounds, which is nearly the weight of

eighty cubic inches of mercury : But as this

feems to be too great a force by comparing

the velocity with which wind rufhes out of
bellows, when its force is fufficient to raife

mercury an inch in the gauge s fo I believe half

that force, viz. about twenty pounds, would

come
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come nearer to the preflure on the aliments

of a full ftomach.

f. Now fo fmall a compreffure can have

very little effect in promoting the digeftion

of the aliments : Which is therefore with

good reafon principally attributed to the con-

currence of fcveral other caufes, fuch as

maftication and comminution with the teeth,

and mixture firft with the Saliva, (which is

a leven full of elaftic air) and afterwards with

the fluid, which is in plenty feparated from

the glands of the ftomach ,• and the active

and expanfive principles of this thus mace-

rated and moiftened mafs, are by the warmth

of the ftomach difpofed to fome degree of

ferment : Its folution being alfo at the fame

time greatly promoted, not only by the pe-

riftaltic mufcular action of the ftomach,

whereby, as alio by the help of the promi-

nent Ruga, or foldings of the inner coat of

the ftomach, the mafs is more intimately

mixed, and fo better difpofed to farther and

farther folution s but alfo principally by the

inceflant reciprocal aftion and reaction of the

'Diaphragm and mufcles of the Abdomeny

which are each about twelve hundred in an

hour.

6. And
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6. And the great ufeof the thus kneading

the contents of the ftomach to and fro, in

order to promote digeftion, is feen in the fol-

lowing effe&s of it $ viz. If in the night the

ftomach be loaded with a Crapula of indi-

gefted food that offends it, it has been found

by repeated experience, that if the perfon la-

bouring under this uncafinefs, will for a con-

siderable time draw in his breath deep, almoft

to the degree of fighing, the kneadings of the

ftomach being by thefe deep deprefiions of

the 'Diaphragm, double in force to what

they ufually are, the ftomach will by this

means be much fooner exonerated ofitstrou-

fome burthen.

7. When the arteries of the ftomach of a

Dog have been injefted with vermilion, and

that ftomach has been blown up, in order to

its being well dried > in this cafe the water,

which had, as mentioned in Experiment IX.

flowed thro'the arteries and veins in order to

wafh out the blood, this water would now
flow plentifully from the veins which were

not inje&ed with vermilion i an argument

that there is lefs blood in the blood-veffels of

the ftomach, when it is filled with food, than

when empty. Whence, as well as on other

accounts, the ftomach which is too much
diftended
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diftended with food, having then a lefs quan-

tity of blood flowing thro' its veffels, muft

not only be cooler, by reafon of a more re-

tarded motion of the blood, which we find

in fome degree after ordinary mearls, but

muft alfo have much lefs moifture feparated

from its glands, at a time when the too great

mafs of food requires an extraordinary fup-

ply duly to be moiftened ; the confequence of

which muft be a more difficult and unkmdly

digeftion.

8. Since there is more blood in the veffels

of the ftomach when it is empty than when

full, this greater flow of blood to the empty

ftomach may probably contribute to increafc

the appetite of hunger 5 hence alfo it may be,

that the digeftion is ftronger in winter than

in fummer, becaufe lefs being perfpired in

winter, the quantity of fluid retained in the

blood-veffels being thereby greater, the blood

will be more vigoroufly impelled, as into all

other parts of the body, fo into the veffels of

the ftomach, whence a greater warmth, and

alfo a more plentiful fecretion from the glands

of the ftcfrnach, to promote the digeftion of

the aliment. The increafe alfo of the ap-

petite, which is obferved in the beginning of

pleurifies, is attributed to the greater flow of

N
"

blood



178 HtfmajlatiQS,

blood to the ftomach, oft its paffagc being

retarded in the Tleura.

9. I found the gullet very dilatable with

a fmall force of water or wind j and hence it

is that when flatulent wind isafcending thro*

it from the ftomach, the gullet being thereby

dilated, comprefles the defcending Aorta,

where the gullet is confined in its paflage be-

tween that and the heart; and thereby for

that inflant the blood is driven more forci-

bly up into the head, which often caufes a

fhort fwimming or Vertigo 5 an inconve-

nience which the flatulent are too frequently

fenftble of.

Experiment XXIV*

•

I. T TAving,as foon as a Dog was dead,cut

JlJl afunder the 'Duodenum gut j-uft be-

iow the "Pilorus, I poured warm water into

the ^Duodenum, thro' a glafs tube which was

fixed to it 5 when the water flood at two feet

perpendicular height in the tube, that force

impelled water thro* the whole length of the

guts, fo as to flow out at the Anus: the

Faces in the ReElum made little refiftance,

being foft and not figurated,

2. JBut
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2. But when in another Dog a tube was

fixed to the gullet, and water was poured in

fo as to burft the ftomach and one of the guts,

yet there being hard Faces in \hzReQum, no

Water palled thro' it.

3. From this Experiment we fee how re-

quifite it is, in fome colicky obftrudions of

the bowels, to promote the operation of pur-

gatives with clyfters ; without which, purga-

tives may in fome cafes do more harm than,

good, while they increafe the painful diftcnr

tion of the bowels, without being able to pais

and carry off the noxious, mafs.

4. 1 am very fenfible, that there was want-

ing, in this Experiment?, the periftaitic motion.

of the guts, which in a live animal promotes,

riie defcent oi their consents. But 'tis to be

feared, that when in the Iliac Tajf/ion there

is a ftoppage in any part of the guts, either by

Faces or diftending wind, if that diftention

be fuperior to the force of the arterial blood,

it muft neceflarily (top the courfe of the blood

in thatpartj which muft confequently both re-

tard the periftaitic motion, and alfo caufe an

inflammation 5 which, if not foon prevented,

too often ends in a mortification.

N 2 Ex-
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Experiment XXV.

I. "F Cut afundcr the Reffum of a Dog, and

X poured in warm water through a tube

fixed to it $ the water gradually paflcd the valve

at the Cacum, and flowed along the guts, up

to the Tilorus : The perpendicular height of

die water in the tube was five feet.

2. In another Dog, I found the valve at

the Cacum fhut fo clofe, that neither water

nor air would pafs it, not even when cleanfed

from the Faces.

3. I fixed alfo a tube to the ReBum of a

third Dog, and poured in warm water, till it

flood twenty inches high in the tube 5 yet it

did not pafs above fix oj: eight inches up the

ReElum, being hindred by the Faces, which

yet were not hard enough to be figurated:

But when the Faces were removed, then wa-

ter freely palled the annular valve at the Ca-

cum. Hence we fee how requifite it is in

fome cafes, firft to get the Faces below the

valve out by a clyfter 5 after which the effeds

of a fecond clyfter may reach much farther.

4, 6)u. Have we not from hence, as alfo

from Numb. 1. of this Experiment, a hint to,

try, at leaft in fome defperate cafes, as in the

Iliac Tajfion, whether any relief might be

had



Jlamajlaths. 181

had by applying a clyfter through fuch a per-

pendicular height as fhall be judged proper;

this might probably pafs up to the affeded

part, and fo poffibly not only open a free paf-

fage, but alfo by its proper virtue, might zC-

fwage an inflammation, and thereby prevent

a mortification. But the weaker the patient

is, of the lefs perpendicular height ought the

tube to be, through which the clyftei paiTes*

ielfc its force may be too great for that of the

arterial blood $ and fo either by flopping, or

at lead too much retarding its motion through

the coats of the guts, may endanger life.

5-. If clyfters of different qualities were

thus inje&ed into live Dogs from different

perpendicular heights, a more certain judgr

ment might be made, how far they might

be ufed with fafety, and alfo whether any be-

nefit may reafonably be expeftcd from them.

6. I inje&ed in this manner, into a large

Dog, feven quarts of warm milk and water,

with a little fait in it, through a tube which
was three feet and three inches high, with-

out doing any injury to the Dog, though his

belly was much diftepded 5 fome little of it

came out of his mouth, mixed with gall, but

it did not purge him. On moving his belly

With the hand, I could plainly hear the li,

N
3 quo;
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qaor fwafh in his guts. Towatds the tnd 6f

the operation, when it did not run in fb

freely as atfirft, when the Dog ftrained, the

liquor was feen regurgitating up the glafs

tube? and descending again, when he ceafed

•{training : The next day his belly was of the

tofual fize, the liquor going off by urine.

7. In this Experiment the diftended guts fuf-

tained a force,which was impelled with a per-

pendicular column of liquor>which was three

feet and three inches high, without any harm

to the Dog 5 and all the guts were filled with

liquor. This fecms therefore a very probable

means to open fome obftru&ions in the

bowels, and to diftend any too contracted

part. And if, inftead of an inflexible tube,

a flexible leathern pipe were ufed, it would

be ftill more fafe and commodious; becaufe

then, by raifing or lowering the leathern pipe,

a greater or lefs impelling force might be

given, as (hould be found mod proper. And
by the alternacies of a greater and lefler force,

reciprocal alternacies of dilatation and con-

traction might be given to the bowelsj which

would probably have a good efFeft in re-

moving fome kinds of obftructions*

AN
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THE

INTRODUCTION.
I. TT Am fenfible that fome may be apt to

I think it favours too much of vanity

and preemption, for any one, after

fuch innumerable fruitlefs refearches of the

ableft chymifts, to attempt to find out a fafe

diffolvent of the (tone in the Bladder. The

great tendernefs of thofe parts on the one

hand, and the extreme hardnefs of many of

the Calculi on the other, do with too much
probability make the cafe feem defperate. For

after applying all imaginable chymical prepa-

rations, it is found, that neither the alkaline,

nor acid, the neutral, faline, nor fulphureous,

menftruum$, have any effeft on thefe concre-

cretions; fpirit of nitre, which is too corro-

five, being the only thing which has hitherto

been found effectually to diffolve them. Yet

in a matter of fo great importance to the

eafe and welfare of a confiderable part ofman-

kind, we ought not wholly to defpair of find-

ing fome proper and fafe diffolvent. And we
are hitherto excited by the greateft and moft

knowing chymifts, who do frequently en-

courage
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courage us, not to give over this refcarch 5

being fenfible there were menftruums power-

ful enough to diflblve metals and (tones, yet

fo mild as not to hurt, or offend the tendered

part of the body.

2. What more particularly induced me to

make fome few attempts in this matter, was,

that when I was endeavouring fome time fince

to analyfe the air by many Chymio-ftatical

experiments, among other trials, I found that

by diftillation, vegetable tartar, viz. that of

wine, contained above five hundred times

its bulk of air, which was a great deal more

than I found, bulk for bulk, in any the fluid

or folid parts of vegetables. This put me upon

trying whether it was the fame with animal

tartar, viz. The calculus hutnanus..

3. I was furnifhed with variety of Calculi

by the favour of Mr. R^nbyy Surgeon tQhi$

Majejlfs Houjhold, F. R>. S.

£xj»E-
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Experiment I.

1. A Piece of Calculus that weighed two

il, hundred and thirty grains, and was

fomething left than -i of a cubic inch in bulk,

being diftilled in a gun-barrel, as defcribed in

Vegetable Statics, Vol I. Exper. LXXVIL

p. 189. there arofe from it, in diltillation, five

hundred and fixteen cubic inches of elaftic

air, that is, a bulk equal to fix hundred and

forty-five times the bulk of the ftone j fo that

above half the ftone was railed by the a&ion

of fire into elaftic air. The remaining Calx

weighed forty-nine grains, that is ^^ part of

the Calculus 5 which is nearly the lame pro-

portion of Calx, that Dr. Slave found remain-

ing, after the diftillation, and calcining two

ounces of Calculus, (C one ounce and three

" drams of which, he fays, evaporated in

" the open fire (a material circumftance,

" which the chymifts rarely inquire after)

" of which we have no account." Thilofi

Tranfatt. Lowthorp's Abridgment, Vol. III.

p. 179. the greateft part of which was, we
fee by this Experiment, railed into permanent*

]y elaftic air.

f. Hence
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2. Hence it was found, that the Calculus

and tartar of wine did yield more air in

diftillation, than any other fubftances, whether

animal, vegetable or mineral. And it was re-

markable, that a greater proportion of this new
raifed air from thefe two fubftances, was re-

forbed and loft its elafticity, in (landing a few

days, than that of any other parts of animals

or vegetables, which are ftrong fymptoms that

the Calculus is a true animal tartar. And as

there was very confiderably lefs oil, in the

diftillation of Rhenijh tartars, than there was

in the diftillation of the feeds and folid parts

of vegetables ; fol found, that this Calculus

contained much lefs oil, than the blood or

folid parts of animals. But fome ftones which

were taken out of a human gall-bladder

yielded in diftillation more oil, and much

air.

3. A fmall ftone of the gall-bladder, which

was of the fize of a pea, was diffolved in a

Lixivium of Sal Tartar in feven days, which

Lixivium will alfo diilblve tartar -

y yet it wiH

not diflblve the Calculus:, tho' I boiled a hard

piece in it for feveral hours.

4. A quantity of Calculus equal to one

half of what was diftilled, vi&. a hundred

anc}
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and fifteen grains, did, when a cubic inch of

(p. of nitre was poured on ir, diflblve in

two or three hours, with a large froth, and

generated forty-eight cubic inches of air;

none of which loft its elasticity, in {landing

many days. A like quantity of tartar, hav-

ing fpirit of nitre poured on it, was at the

fame time diffolvedi but no claftic air was

generated, notwithstanding tartar abounds fo

much with air.

5-. Small pieces of tartar and Calculus were

in twelve or fourteen days diffolved in oil

of vitriol 5 the like pieces of tartar and Cal-

culus were diffolved in a few hours by oil

of vitriol, into which there Was gradually

poured near an equal quantity of fpirit of

harts-horn made with lime, which mixture

made a confiderable ebullition and heat.

6. Tho' the remaining Calx of the diftil-

lation of tartar runs per deliquium, and has

therefore SalTartar in it; and tho' the Calx

of diftilled Calculus does not run per deli-

quium, and has confequently no Sal Tartar

in it; yet it cannot thence be inferred, that

the Calculus is not a tartarine fubftancei be-

caufe SalTartar itfelf, when mixed with an

animal Calx, diftils all over, fo that the Calx

will not afterwards run per deliquium. By

the
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the great similitude there is therefore, in fo

many refpe&s, between thefc two fubftanccs,

we may well look upon the Calculus as a true

Animal Tartar, and doubtlefs gouty con-

cretions are the fame.

7. Animal Tartat I would call it in contra-

diftin&ion to Vegetable Tartar 5 for as ani-

mal and vegetable fubftances greatly differ in

their falts and fulphurs when chymically ana-

lyfed, fo do alfo their refpe&ive tartars : but

then they are found exactly to agree in thefc

remarkable properties, viz. that they are

both formed not barely as a fediment at the

bottom of their liquors j but being equally

expanded and feparated from all parts of their

fluids, they adhere uniformly to the fides of

their containing veffels, in the form of a hard

cruftj thofe particles which are immediately

next the fides of the velfel being firft attracted,

and adhering to them. And as it is a known
and wonderful property of fluids, to difFufe

what is mixed with them equally in every

part, fo when part of thefe incrufting particles

are attracted out of the fluids, the remaining

particles equally diffufing themfelves, a new
fuccefllon of them is thereby brought with-

in the attraction of the already incrufting

particles, and fo on fucceflively: otherwifc

the
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the particles which float in the fluid at fomc

diftance from the fides of the veffel, could

not be attra&ed thither 5 for this attraction of

cohefion afts only near. Further, thefe tar-

tars are both obferved to be depofited in

greateft plenty, when the fides of the vcflels

have been already incruftcd : they agree aifo

in this, that the animal and vegetable fluids

depofit their incrufting matter in greateft plen-

ty when they are in an attenuated ftate j an4

the more attenuated they are, the harder

will their incruftations be. They both agree

alfo in this, that they yield in diftillation

more air than any animal or vegetable fub-

ftance. With good reafon therefore has the
• Calculus been called a tartar by many. And
as thcGertnans call the tartar of wine, winc-

ftone, fo the Calculus may be called urine-

ftone ; as alfo the incruftations from mineral

and other waters may be called water-ftones:

but as they are all formed in the fame man-
ner, and have fevcral of the fame properties

in common, fo they may not improperlv be
called the tartars of thofe fcveral fluids.

8. Fr9m the great quantities of air that
arc found in thefe tartars, we fee that unc-
laftic air particles, which by their ftrongly at-

tracing property are fp inftrumental in form-

ing
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ing the nutritive matter of animals and ve-

getables, is by the fame attractive power, apt

fometimes to form anomalous concretions, as

the (tone, &c. in animals, efpecially in thofe

places where any animal fluids are in a (tag-

nant (tate, as in the urine and gall-bladders.

They ftrongly adhere alfo to the fides of uri-

nals, fyc. The like tartarine concretions are

alfo frequently formed in fome fruits, parti-

cularly in pears i but they do then efpecially

coalefce in greateft plenty, when the vegeta-

ble juices are in a ftagnant (tate, as in wine-

veflels, &c.

5>. This great quantity of attra&ing, une-

laftic air particles, which we find in the Cal-

culus^ fhould rather encourage than difcou-

rage us in fearching after fome proper difibl-

vent of the (tone in the bladder, which in

the Analyfis of it is found to be well ftored

with adtive principles, fuch as are the great

agents in fermentation. For Mr. Boyle found

therein a good quantity of volatile fait, with

fome oil 5 and we fee by thefe experiments,

that there is (tore of unelaftic air-particles in

it, which are raifed in diftillation into an ela-

(tic date, at the fame time that the volatile

fait arifes in white fumes 5 an argument that

tkey
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they are intimately combined with each other

in the Ca'cuius.

10. And it was this confederation, which

put me upon making fome attempts, to try

by variety of fermenting mixtures, whether

the brisk action of fome fermentations might

not poilibly fo (hake and roufe thefe air-par-

ticles, as to make them fly off into an elaftic

ftate, and thereby dnTolve the union of the

parts of the (tone. We find that fpirit of

nitre acts in this manner on the Calculus,

in the diffolution of it; for we fee in Ex-
periment I. Numb. 4. that a hundred and

fifteen grains, or about j of a cubic inch of

Calculus, when dhTolved in fpirit of nitre,

generated forty- eight cubic inches of air,

with a large froth, a quantity equal to a hun-

dred and forty-four times the bulk of the

Calculus.

11. From the few trials I have hitherto

made, I have found a fermenting mixture,

which by its vigorous action, not only throws
off elaftic air from many human Calculi, but

alfo very fenfibly waftes and dhfolves feveral

of chofe which are of a lefs compact tex-

ture; efpecially the gravel- (tones, which are

not generally fo hard as (tones which have

had a longer time to harden in the bladder;

O ye:
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yet I have met with fome of thefe gravels fo

hard as not to be diffolved by this mixture.

12. Tho* I have not herein fucceeded fo

far, as to encourage any one to attempt the

diffolving therewith gravel-ftones in the blad-

der: yet I thought it might not be improper

to give an account of the fmall progrefs I

had made herein ; fince it might poffibly be

a ftep towards the happy and important dis-

covery, by exciting and engaging others in

the fame purfuit; who among the infinite

variety of menftruums that may be com-

pounded, may haply hit upon fome, which

may more eafily diffolve molt gravel-ftones

at lend, if not the larger and harder Calculi.

If we could make no farther advance than

this, it would be of confiderable benefit to

mankind, by taking away, when it firft falls

into the bladder, the Nucleus, on which

larger and harder (tones are in time formed.

And this would be effe&ed, if with a few

inje&ions of a fafe and proper menftruum,

we could only diffolve a fmall part of a large

gravel-ftone, lately fallen from the kidnies,

fo as to make it fit to pafs off thro' the Ure-

thra y which it would alfo do with more

eafe to the patient, by having thereby its

furface and {harper points foftened and made

mucilaginous,
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mucilaginous, and lefs ftimulating. This is

what the fermenting mixture I am going to

give an account of, will do on fome of the

fofter (tones, but not without too many re-

peated inje&ions, to make it practicable with

fafety to the patient.

13. That I might with the greater accura-

cy and readinefs vary and adjuft, as occafion

required, the fevcral proportions of the fer-

menting mixtures, I divided the capacity of

feveral glafs veflels, out of which I poured

the liquors, into cubic inches, making marks

with a file on the outfide of the glaffes, at

each divifion. I divided alfo the capacity of

a large tube into quarter cubic inches 5 it was

half inch diameter, and fealed at one end. I

made alfo feveral divifions on a fiiort tube,

which was £ inch diameter, the capacity of

each divifion containing ten drops of oil of

fulphur; fo that by dipping one end of this

tube in liquor to any of thefe marks, and

then {topping the other end with my finger,

I could readily take up 10, 20, 30,40 or 50
drops, or any intermediate number.

14. I will now give a fhort account of

fome of the principal Experiments I made

;

in doing of which I did not confine myfelf

to fuch mild mixtures, as might probablv not

O 2 be
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be injurious to the bladder $ but chofe to be-

gin with the Jtrongeft fermenting mixtures,

in hopes that if I fhould find any of thefe

would diffolve the Calculus, by gradually

weakening and lowering fuch mixture, I

might poflibly bring it to fuch a degree of

mildnefs, as might make it not injurious to

the bladder, and yet retain in fome meafure

its diffolving quality. Or if I fhould not be

fo happy as to fucceed fo far, yet I thought

it moft probable, that I might find diffolvents,

among thefe ftronger mixtures, which might

at leaft give fome farther infight into the na-

ture of the Calculus.

Experiment II.

1. A Cubic inch of oil of vitriol, aad

x\ double its quantity of water, when

mixt together, made fo hot a ferment, that I

could hardly bear to hold my hand at the

bottom of the bolthead ; yet it had no effect

on a piece of the hardeft kind of Calculus.

And it was the fame when the heat and fer-

ment was renewed by throwing in fomefile-

ings of iron.

2. The like proportions of oil vitr. and

water, with feveral kinds of powdered vi-

triolic
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triolic (tones or 'Pyrites, made violent fer-

ments, but had no effect on this very hard

Calculus.

3. It was the fame with oil of vitriol, and

other acid fpirits, when poured on feveral al-

kaline bodies, fuch as powdered Belemnites,

AJieria, coral and oyfter-fhell, &c.

4. But oil of vitriol mixed with unretti-

fied fpirit of C. C. tho' it would not diflblve

the above-mentioned very hard piece of

Calculus, yet with ten or twelve frefh mix-

tures, it rotted and diffolved feveral pretty

thick Laminae, or cloves of other Calculi 5

which tho' not of fo compad a texture as

the other, yet were fo hard, that I could not

make any impreffion on them with my nail

:

but this was too pungent a mixture to give

any hopes that the bladder can bear any de-

gree of it.

5. Spirit of rye-bread being found by chy-

mifts a diffolvent fo powerful as to diflblve

feveral kinds of ftones and hard fubftanccs,

and yet withal fo mild, that it may with

great fafety be held in the hollow of the

hand; I prepared a good quantity of it, both

unrectificd and re&ified, and made it one in

a great variety of briskly fermenting mix-

tures, in hopes that by thus putting its parts

o 3 in
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in a brisk motion, it might have made fornc

impreflionon thcCalculus,but it had no *.

6. I made a preparation of tartar of vitriol,

by mixing one part of oil of vitriol, with

twice its quantity of hot water, in which

were pieces of Calculus and tartar $ the Cal-

culus emitted babbles, but not the tartar:

then I poured in gradually 01. Tart, when
both Calculus and tartar emitted for fome

minutes a great quantity of bubbles. The

tartar was almoft at once diffolved, and the

Calculus was very rotten and brittle, but it

was not of the very hard kind; Sal Tartar,

which is a fixt alkaly, being lefs corrofive

than fpirit of harts-horn, which is a volatile

alkaly.

Experiment III.

1 . TT Made a folution of it in water, in the

A proportion of an ounce of Sal Tartar

to four of water; and made many brisk

fermentations, with feveral portions of this

alkaline mixture, by pouring in ofthe ftrongeft

acid fpirits, as fpirit of nitre, fpirit of fait,

fpirit and oil of vitriol, and oil of fulphur.

I found oil of vitriol and oil of fulphur moft

effectual to my purpofe 5 and of thefe two,

I chofe
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I chofe rather to make ufe of oil of fulphur

than oil of vitriol, as being the purer acid

of the two, and lefs noxious to animal bo-

dies than oil of vitriol.

2. I found, after the mixture of a great

variety of proportions of thefe liquors, that

the following were the propereft for my pur-

pofe, viz. one cubic inch of water, one

third of a cubic inch of folution of Sal Tar-

tar, and twenty-five, or fometimcs thirty

drops of oil of fulphur 5 alfo fix cubic inches

of water, | cub. of the folution of Sal Tar-

tar, and fifty drops of oil of fulphur.

3. Thefe proportions fermented briskly,

and made air- bubbles arife very fall from the

Calculi for eight or ten minutes, as would

alfo feveral other proportions, tho* 1 did not

find any fo effe&ual as thefe, which after fe-

veral frefh arTufions of them, would diflblve

fome Calculi which were hard to the touch

:

They would alfo diflblve feveral gravel ftones,

tho' not all -, nor had they any effect on ma-

ny of the hardeft Calculi.

4. If air do not arife briskly from the Cak
cuius, upon pouring on any of thefe mix-

tures, the rule to adjuft the proportions ac-

curately, is to drop in a few drops of oil of

fulphur 5 if this addition make more air arife

O 4, from
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from the Calculus, it is a fign fome of it

was wanting; but if more air does not arife,

then it is a fign that more folution of Sal

Tartar is wanting.

5. It fermented bed, when half the water

was poured on the folution of Sal Tartar,

and the fpirit of fulphur was dropped into

the other half, and then both mixtures pour-

ed together. Warm water was better than

cold, tho
J

it fermented longer cold.

6. When there was a double quantity of

oil of fulphur, I have not found it more

powerful in diffolving ; and when the folution

of Sal Tartar was much ftronger, the fer-

ment was lefs.

7. This liquor has no effect on the Cal-

culus after the ferment is over, as I have

found by laying feveral Calculi to foak in it

for a whole year. So that the effeft it has

on the Calculus while it is fermenting, fecms

not to depend on the fitnefs of the particles

of the menftruum to enter the pores of the

Calculus, but rather on certain harmonic

proportions between the vibrations of the

fermented liquor, and the tone or degree of

tenfenefs of the parts of the Calculus: Juft

as when two firings are equally tenfe, the

(hiking of one will make the other founds

or,
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or, as I have often obferved, the different

pipes of an organ will make different boards

vibrate, according to the uniformity there

is between the tenfenefs of the fibres of the

feverai boards, and the tone of the different

pipes.

8. And in like manner we may not un-

reafonably fuppofe, that when there is the

like uniformity between the vibrations of the

fermenting liquor, and thofe of the parts of

the Calculus \ that the Itus and Reditus of

thefe vibrations increafing in this cafe each

other's force, fome parts of the Calculus are

thereby thrown off into elaftic air. In con-

firmation of this conjefture, I have obferved

air to arife briskly from a Calculus with

twenty or ten drops of oil of fulphur.; and

yet with fifteen drops little or no air arofe,

notwithstanding the proportion of the other

ingredients of the fermenting mixtures was

the fame in all three cafes.

Experiment IV.

1. A Calculus which weighed three hun-

JLJL dred and fourteen grains, after forty-

nine frefh affufions of the above-mentioned

diflolving menftruum, was wafted a hundred

and
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and thirty-four grains; but the remaining

Nucleus of this Calculus was fo very hard,

that this liquor had no effeft on it.

2. I diffolved alfo feveral other of the fof-

ter kind of Calculi, and the broken (hells or

cloves of others i but there were many of

the harder kind, which this liquor had no

fenfible effeft upon.

5. When a large Calculus was fawn afun-

der, and immerfed in the fermenting liquor,

I obferved the air to rife in much greater

quantity, from the fofter inward part of the

Calculus,thzn from the hard polifhed furfacc*

4. As for gravel (tones, I was obliged to

feveral perfons, who were fo good as to fur-

nifh me with 'em,which I made the follow-

ing Experiments upon, viz.

f. Some fmall grains of a redifh yellow

gritty gravel were crumbled into coarfe fand

with feven affufions of one cub- water,
-J

cub. of folution of Sal Tartar, and twenty-

five drops of oil of fulphur; the air which

rofe from the gravel, adhering to it in large

bubbles, made the gravel frequently rife to

the top of the liquor.

6. I put into the fame menftruum a clove

or fragment of a fcale of a larger Calculus,

which was voided the day before 5 it was



On the Animal Calculus. io\

T
T

yth part of an inch thick, and 3 broad, of

an afli colour, fo hard that it was difficult to

break away its edges with one's nails. After

thirty-fix affufions of this liquor, it was rot-

ten as dirt, tho' it retained its fhape.

7. Three hard redifh gravels, of a third

pcrfon's, which were as big as large (hot,

were after eleven affufions of the fame li-

quor, considerably more brittle, their furface

rotten and much diminifhed, and after twen-

ty-fix more affufions they were wafted to the

fize of pins- heads.

8. I laid two other gravel ftones of the

fame perfons, but fomewhat lefs than the

former, to foak in urine for twenty-four

hours, and then poured on eight affufions of

the diffolving menftruum: The following

night they were laid to foak again in urine,

and the next day I poured on fixtcen more

affufions i after which one was wafted, and

the other very rotten; fo the foaking in

urine does not hinder diiTolution.

9. I diiTolved in the fame manner the gra-

vel of three other perfons, which were either

of an afh colour, or fuch as feemed to be

compofed of a coarfc redifh fandy grit.

iq. But the larger gravel of two other per-

fons, which had probably lain much longer

ahar-
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a hardening m the kidnies or bladder, and*

were covered with a kind of hard polifh, had*

very little impreffion made on them by this

liquorj yet fome grit came off the furface

of one of thefe after eleven affufions 5 and

after thirty more affufions, each end was foft

and crumbled. But this liquor made no im-

preffion on the gravel of the other perfon.

ii. This liquor diflblved a piece of Tar-

tar in five affufions, but a like piece of Tar-

tar lay thirty hours in the fame liquor, be-

fore it was diflblved, when there were no re-

peated affufions.

12. That all the air-bubbles, which arife

during the ferment, do not arife from the

Calculus, is plain, becaufe fome arife in that

part of the glafs veffel where there is no Cat-

calus.Thck bubbles therefore muft arife from

the fartrtenting mixture ; for Sal Tartar, by

Experiment luXXlV. Vol. I. p. 184. contains

a good quantity of air. Yet far the greateft

quantity of air arifes from the Calculus, as

is evidently to be feen, when two like quanti-

ties of this liquor are poured at the fame time

into two glafs vcflels, which have, one of

them, a Calculus in it, and the other none.

13. Tho' this menftruum is far from being

efficacious enough to encourage any one to

make
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make the trial on human bodies, it requir-

ing, as we fee, too many repeated inje&ions

to diffolvc fome of the fofter kinds of Cal-

culi; yet I thought it not improper to try

whether the bladder could bear a liquor with

this degree of acidity in it; it being fo mild

that it may be taken into the mouth with-

out inconvenience, tho' it fets an aufterc

roughnefs on the teeth.

Experiment V.

1. TT Inje&ed therefore at three feveral times

JL thro' a tunnel and tube about half a

pint of this liquor into the bladder of a

Dog, after which he did not fhew any figns

of uneafinefs : But when another time a pint

and half of near double the ftrength of the

former was inje&ed, he feemed uneafy,as if

troubled with the ftrangury, but the uneafy

fymptoms went off in half an hour. Some
days after I killed the Dog, but could not

perceive, on opening him, that the inje&cd

liquor had done any harm to his bladder.

2. Thefe injections are eafily made into a

Dog's bladder, by pafling a catheter dirc&ly

into it, thro' an artificial Fiftula made in the
(perinaum> as dire&ed by Mr.John T>ouglas>

Surgeon,
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Surgeon, F. R. S. in the Thilofoph. Tranf*

Numb. 399.

3. I injeded alfo the fame liquor twelve

feveral days into the bladder of a Bitch, af-

ter which fhe fometimes fhewed fome un-

eafinefs for a little while, and fometimes not.

She continued very lively and brisk long

after 5 but fome months after, in the foliow-

ing fummer,fhe was in copulation dog-drawn>

as it is called, i.e. the vagina was drawn out,

whichcaufed her death; whence we may con-

clude, that its fibres were hardened and con-

traded by the acid fpirit of fulph. and it may
probably have had the like effed on the fibres

of the bladder. It is therefore by no means

advifeable to attempt the ufe of it in a hu-

man bladder 3 neither do I here give an ac-

count of it with any fuch view 5 my defign

herein being only to fhew, that this is at lead

fome advance towards difcovering a fafe dif-

folvent for mod gravels, and fome of the

fofter kinds of Calculi 5 but as to the harder

kinds, on which nothing has hitherto been

found to have any effed towards a diffolu-

tion, except Aquafortis> there is little hope

of ever finding a fafe difTolvent for them*

But as to the fofter kinds, there are feveral

mild
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mild acid mixtures, that will diflblve them,

when laid to foak in them for a few days.

4. I tried to make this liquor more mild

by mucilaginous mixtures; fuch as folution

of <*um Arabic, and decoftion of comfrey

root; but I did not find it fignified any thing;

it ferved only to increafe the froth in the ef-

fervefcence,which was alfo the inconvenience

of ufing urine inftead of water : For I dif-

folved feveral pieces of Calculus, with urine,

folution of Sal Tartar, and oil of fulph. fo

that a little urine in the bladder would be no

impediment to the operation of this liquor.

Experiment VI.

1 . / M linking it might poffibly be of ufe

X in Experiments of this kind, to have

a continual flow of liquor in and out of the

blander, I directed an ingenious artift to make

me a double Catheter, the cavity of which

was divided lengthwife by a thin partition,

into two feparate channels, which ended in

two divaricating branches. To one of thefe

branches was fattened an Ox's ureter, or the

windpipe of a Goofe or Turkey, which, by

means of a glafs tube, either communicates

with, or has water flowing from a capacious

vcflcl,
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veffcl, placed three feet above the Catheter i

fo the liquor, as it flows from the vefiel,

runs thro' the one half of the Catheter
y

and flows into the bladder, and then returns

out of the bladder, thro' the other half of

the Catheter.

2. Thro' this inftrument I caufed twenty-

three cubic inches of the diflblving liquor to

flow in and out of the above-mentioned Bitch's

bladder in a continual ftream: And after

that, for four hours and a half, there ranin-

celTantly in and out, in the fame manner, a

ftream of water, of the warmth of urine, in

quantity about nine hundred cubic inches,

or three gallons ale meafure, and this with-

out the lead harm or inconvenience to the

Bitch, that I could perceive 5 fometimes,whea

the bladder was pretty full, the water flowed

out between the SphinEier and the Cathetery

and then ceafed to flow till it had filled the

Bladder to the fame degree of fulnefs again.

3. Dr. Keilly in his Medicine Stattea Bri.

tannica,p. 14. obferves, that the quantity of

urine which he made in twenty-four hours

day and night, was about thirty-nine ounces,

of which, he fays, twenty-one ounces may

be allowed for whatpafTed offin twelve hours

day, which is near at the rate of two ounces

in
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in an hour, in the 'day-time; which, fuppofe-

ing it to be at that rate, then there having

pafied thro' the double Catheter, nine hun-

dred cubic inches in four hours and a half,

that is at the rate of two hundred cubic

inches, or a hundred and thirteen ounces in

an hour: Then the proportion the urine

which will flow into the Bladder in that

time will bear to the water which parted

thro' the Catheter in the fame time, will be

as one to fifty-fix, which proportion may be

much diminifhed by increafing the perpen-

dicular height, and confequently the force

of the water which flows thro' the Cathetery

as alio by abating on fuch an occafion the

quantity of drink that is taken in. This

fmall proportion of urine to water may pro-

bably very little difturb the effecT: of any li-

quor that may by this means be made to pafs

the bladder; whether for diiTolving of the

Calculus, if any fuch liquor fhould ever be

difcovered, or whether it be for any medi-

cinal purpofe to cure any diforders in the

Bladders in which cafes this inftrument may
poflibly be fometimes of ufe.

4. But if, upon trial, it be found; that the

canals of this double Catheter are too fmall,

then it may perhaps be a better way to pafs

P any
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any liquor into the Bladder', thro* a fmall

or middle-fized common Catheter, thro*

which it would flow more plentifully in, and

alfo pafs out more freely between the Sphin-

ffet and the Catheter, when the Bladder is

full to a certain degree, whereby any grofs,

flimy or feculent matter would more eafily

be difcharged from the Bladder, than thro'

the narrower paflage of a double Catheter.

Experiment VII.

I. T Pounded feverally the three following

Jl hot alkaline Plants, viz. Onions, Scur-

vy-grafs and Horfe-radijh roots ; and put the

pulp into three pots, in the middle of which

I put very hw&Calculi, which were all taken

out of the fame perfon. I prefled the mafh

hard down, and fet the pots in a hot-bed

for thirteen days.

2. The Scurvy-grafs and Horfe-radijh had

no fenfible effect on their Calculi : But the

furface of that which was put into the Oni^

ons was fo foft, that I could fcrape it off with

my nailj and it was the fame when I put a

like Calculus into onion juice mixed with

water, which was kept warm in a chimney-

corner for fifteen days; in which liquor the

redilh
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redifh gritty gravel of two other perfons was

at the fame diffolved.

3. Hence Onion juice feems to have fomc

conftderable efficacy in difiblving the Calcu-

lus: And where frequently eaten fhould, if

not wafte, at leaft prevent the increafe of the

Calculus. Dr. Lobb found Leeks more ef-

fectual d insolvents than onions.

Experiment VIII.

1. TN the hiftory of the Royal Academy of

X Sciences of Tarts, An. 1720. there

are accounts of feveral Calculi being dif-

folved by laying them many days in water,

fooner or later, according to their different

degrees of hardnefs.

2. I took fome of the above-mentioned

afti-coloured, and round redifh gravel ftones,

and put fome of them at the fame time in-

to cold and warm water, and found thofe

in warm water diffblv'd much fooner than

the other, they being covered with a white

Mucus.

3. I laid feveral gravel ftones in a little

rill of warm water, for fourteen days, and

a good part of thofe nights : They had feveral

of them a white Mucus over them s but they

P a did
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did not diffolve fo faft as thofe in ftagnant,

warm water; the reaibn of which might be

that this running water was but half fo wafm
as the above-mentioned ftagnant water ; and

they were befides fome part of each night

cold, when the water ceafed to run.

4. I poured into a Florence Flask thirty-

nine cubic inches of water, and one of frefh

urine, and put therein the gravel of feven

different perfons, and then fet the flask in

hot dung, where it had a heat equal to that

of blood ; but they had very little Mucus on

them in fix days : So that this fmall propor-

tion of urine feems to be fome hindrance to

diflblution.

j.What I had principally in view in make-

ing thefe laft-mentioned experiments, was to

fee whether we might have any reafonablc

expectation of wafting in fome degree, gra-

vel ftones, by a continued feries of diureticsj

but they give us very little encouragement

to hope for any other fuccefs from thence,

than barely the walhing down of the gravel,

if not grown too large. It feems indeed

probable, that while diuretics are ufing, the

gravel or ftone may make a very little, if

any, progrefs in increafing in bulk, becaufe

at that time the urine is more diluted and

lefs
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lcfs rancid and urinous; and confequently not

fo much charged with tartarine particles: For

it is obferved, that as thofe of a hot tempera-

ment, and of the hardieft conftitutions, have

the mod rancid urine, fo they are generally

more fubjeft to the (tone than others: Not

only becaufe they are fuppofed to perfpire

the watry matter more plentifully, but alfo

becaufe their urine is more highly alkalized,

attenuated and digefted, and its tartarine parts

thereby fubtilized, and rendered Jefs muci-

laginous than the urine of thofe of a lefs ro-

buft and more lax conftitution of fibres j

which is probably a principal reafon why
women are much lefs fubjeft to the gravel or

(lone than men.

6. As fermentation breaks and difTolves the

mucilaginous texture of vegetable fluids, fo

is the like texture of animal fluids diflblved

in proportion to the degree of digeftion

which they undergo. For as all degrees of

ferment in vegetable fluids have a tendency

from vifcidity to acidity; fo all degrees of

digeftion, from its firft beginning in the fto-

mach, thro' its whole courfe, have a tendency

to putrefa&ion : But in a healthy ftate of an

animal, this tendency is flopped at a certain

degree, by the fwcet emulfion of frelh nutri-

P 3 mcnt,
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ment, without a conftant fupply of which,

the animal fluids would foon tend to a fatal

degree of putrefa&ion, and putrefa&ion dif-

folveS vifcidities. And accordingly it is ob-

ferved, that urine depofits its tartar more

freely to the fides of urinals, when it has

flood fome time to putrefy, and to become

thereby lefs vifcid and more dilute. Thus

alfo.M//?,orthe unfermented juice of grapes,

yields no tartar; nor do wines depofit their

tartars to the fides of vefiels, while they are

in a thick, turbid, mucilaginous ftate 5 but

when, by a farther degree of ferment, they

are fo much diluted as to fall fine, then the

tartarine particles being difintangled, do plen-

tifully adhere to the fides of veffels, fo as

to form thereby a hard cruft. And as the

tartar of wine is obferved to be the harder,

the finer and more attenuated the wine is, fo

probably the more digefted and attenuated

the urine is, the Calculus will be propor-

tionably the harder, and frequently to a very

great degree of hardnefs, notwithftanding it

lies conftantly in urine ; thus the mortar of

walls which are fo fituated under ground as

to be never dry, is often obferved to be har-

der than that which lies dry 5 and thus the

bones of animals, and the woody fubftance

Pf
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of trees, harden in a continually moift flare :

And, as naturalifts have obferved, that bones

of animals are more compafl: and harder in

hot than in cold climates; fo 'tis probable

that, ceteris paribus, the Calculus may be

harder in hot than in cool conftitutions

;

agreeably to what Dr. Frederic'Hoffman ob-

ferved of the ftony incruftations in the Caro-

line bath, which are hardeft and reddeft, but

in leaft quantity at the mouth of the fpring

when the water is hotteftj but as the water

grows cooler at a farther diftance from the

fpring- head, there the incruftation is greater

in quantity, but fofter, more friable, and like

fand. TDifquifitio Thyjlco-Medica de Ther-

mis Carolinis.

7. Nature feems to have given us a hint,

that foft mucilaginous things arc good to

prevent the growth of the (tone, by the care

fhe has taken to line the ureters and bladder

With the like fubftance, which is feparatcd

from its glands; which ferves not only to

prevent the bladder's being injured by the

acrimony of the urine, but alfo to hinder the

adhefion of the tartarine particles of the

urine, which are then found to adhere to the

bladder, when this mucilaginous lining is by

the Calculus rubbed off: And a calculous

P 4. faiw}
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fand is fometimes found adhering to the

whole fubftance of the bladder, which grows

thereby thick, hard and fcirrous. And daily

experience teaches us, that the tartar of urine

conftantly adheres to urinals and other veflels

it is contained in > and would doubtlefs do

the fame to the fubftance of the bladder,

were it not defended with a flimy coat.

And accordingly it is obferved by modern

phyficians, that the more mucilaginous the

urine itfelf is, the lefs apt it is to breed the

ftone : No wonder then, that balfamic, lu-

bricant and mucilaginous liquor, fuch as

milk, foft un&uous ale, water-gruel, barley-

water, and liquors made of or mixed with

honey, &c. are found to be good preventives

of the growth of the gravel or ftone^

8. And as toafted bread, roafted, broiled

and fried meats of all kinds, are obferved to

be apter to breed the ftone than boiled, this

is doubtlefs owing to the fame caufe, viz.

that they are lefs mucilaginous than boiled

meats 5 for the furface of thefe meats being

imbrowned, that is in fome degree burnt,

the mucilaginous texture of thefe burnt parts

is thereby fpoiled, and the cohefion of the

tartarine air-particles (many of which accprd-

. ing to the different degrees of burning are

thrown
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thrown off into an elaftic ftatc) is to fuch a

desree broken as to leave them more at li-

berry to form in this their detached un elaf-

tic ftate tartarine concretions.

9. Hence we fee how greatly the antients

were miftaken, who generally attributed the

growth of the Calculus to mucofe, pituitous

matter, which is fometimes in great plenty

feparated from the fcrophulous glands of the

bladder, but is not found to harden into a

Calculus.

10. It was the general opinion of the

learned in Beverovicius's time, (who pub-

lifhed what they wrote to him on that fub-

ject about a hundred years ftnee) that the

matter of the Calculus was a pituitous vifcid

matter, caufed by the ill-difpofed kidney,

and hardened by the heat of the bed. But

Helmont in his treatile de Lithiafi, juftly

explodes this notion, and denies the Cal-

culus', which he calls ^uelech, to be owing

to any vifcid matter, for the following rca-

fons, <viz.

11. He fays the vifcid matter, which is

fometimes found in thofe who have a (tone

in the bladder, arifes from the mucilage

which the ftone rubs off the bladder ; for

when the Calculus is cut out of the bladder,

there
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there is no more vifcid matter in the urine

:

That if it arofe from this Mucus, the blad-

der would foon be filled with a Calculus:

That this Mucus dried, makes only a little

chalk ftone, like that of the Mucus of the

nofe when dried : And that it cannot incruft

in the bladder to form a Calculus i whence

he concludes that it does not arife from this

Mucus, but from a part of the urine which

adheres to urinals.

12. Though he filtrated urine through

linen, yet itftili depofited its tartar; whence

tie concludes, that the tartar was not formed

when the urine was firft voided ,* or if it had

paffed the linen in the form of fand, then

it would have precipitated, like fand or fe-

diment, to the bottom of the urinal, and

not have adhered to the fides at equal di~

fiances ; becaufe it would have wanted, he

fays, a glue whereby to have adhered to the

fides.

1 3. And fince, as he further obferves, this

fand is no-where glutinous, but where it ad-

heres to the vefTel, it is, he fays, hence evi-

dent, that this fand adheres at the inftant it

is formed : And this fand is formed and ad-

heres to the veffei long after the urine is

made, when it begins to putrefy, the very

inftant
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inftant before it fixes. To which more and

more is continually added. And in the fame

manner he concludes the Calculus to grow.

He obferves this tartar to adhere fooner and

in greater plenty to a veflel already incrufted

with it, than to a clean veflel, viz. becaufe

the fixt tartarine particles attract more ftrong-

ly than thofe of the fides of the veflel : An
uncomfortable obfervation for thofe to re-

fled on, who have a Calculus once begun in

them.

14. He found that even diftillcd urine de-

pofited a tartar > the reafon he gives why
urine long detained in the bladder does not*

depofit its tartar to the fides of the bladder,

as in a pot, is becaufe in the bladder it is net

fo foon difpofed to putrefy, and that tartar

will not adhere fo well to the bladder as to a

pot.

1 f. Helmont finding the ignorance and in-

cogitancy of others on this fubjeft, fays, he

gave away as many books, as were* worth

two hundred pieces of gold, and wifhed he

had burnt them $ for books gave him not the

leaft light. A mortifying, but ftrong and live-

ly inftance of the little progrefs we muft ever

hope to make in our rcfearches into the na-

ture of things, without firft flrikingout what

light
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light we can, by variety of proper experi-

ments.

1 6. The urine that is made at the greatcft

diftance from drinking, is obferved to be

moft rancid, as is in the like cafe the milk

of women j becaufe it has not only been

longer a digefting in the blood, but alfo be-

caufe the more watery part goes off firft in

greateft proportion : And its being more ea-

fily retained in the bladder, than the higher

coloured urine, fhews that it is lefs rancid

and ftirnulating, than a higher coloured

urine.

17. Whence it feems probable, that the

ftone does not incrcafe with an equable pro-

greffion, in thofe that are fubjeft to it, but

fafter or flower, in proportion to the more

diuretic and diluted, or more rancid ftate of

the urine. Whence we may not unreafona-

bly conclude, that the (lone incrcafes fader

in the fummer, when a greater proportion of

moiftyre is perfpired off, and the urine ren-

dered thereby more rancid, than in the win-

ter, when the perfpiration being diminifhed,

a greater quantity is difcharged by urine.

Add to this, that heat is obferved to contri-

bute to the induration ofmany bodies. Are-

ttfus on thp contrary irnagined the Calculus

to
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to be increafed mod in winter and autumn,

<uiz. from a fuppreffed perfpiration.

1 8. The Laming or cloves which are ob-

ferved in many of the Calculi, are a further

confirmation of this 5 for when the urine does

not dcpofit its tartar plentifully on the Col-

Cuius, then its furface acquires, by rolling

up and down in the bladder, a kind of hard

polifhj but when the urine returns again to

its more rancid tartarinc date, then the Cal-

culus is covered with a new coat; the laft

polifhed furface being the partition between

the two cloves, at which furface they more

eafily feparate than elfewhere.

19. Mr. Hucks member of parliament, a

brewer in London, having killed a Horfe of

his, which was twenty-eight years old, and

had lived for twenty years on nothing but

grains; there were found in his ftomach and

guts, a great number of ftony concretions,

in quantity fufficient to fill a quart; they

were moft of them of a flat oval form, and

fome of them prifmatical.

20. Mr. Hacks gave me fixty-feven of

thefe, which were of different fizes, from

half an inch to an inch and three quarters

in length \ they were hard and fmooth, and

looked on their furface like brownifh flints.

21. In



in On the Animal Calculus*

21. In thirty-four of thefe, which I broke

afunder in the middle, I found fmall hard

Nucleus's, which were the beginnings on

which thefe (tony concretions were form'd.

Twenty-three of thefe Nucleus's were very

black ftony fubftances, fo hard that a file

would not cut them 5 their out-fides, tho*

uneven, were fmoothj the infides of them,

when broke, were rough, and looked like

rufty iron.

22. The Nucleus's or Kernels of eight of

them were bits of hard greyifh (tones, per-

haps pieces of the mill-ftones which ground

the malt.

2 3.The other three Nucleus's were bits of

brick or tile.

24. The fubftance of the ftones which

were incrufted over thefe Nucleus j",was very

hard and brown, fomewhat like in colour

to broken rofin ; it was form'd in oval ring-

lets, like the fubftance of the knots in deal

boards.

25. We have here, in many inftances, a

proof how apt calcarious incrufting particles

are to adhere to the furfaces of hard bodies,

which are not covered with a mucilaginous

fubftance.

26. And
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26. And there arc many the like inftances

of large ftones being thus formed, not only

in Horfes, but alio in the bowels of Men,

who have fwallowcd plum or cherry-ftones,

&c. And the cleaner fuch ftones are Irom

any pulp of the fruit, the more danger there

is, that fuch ftrong concretions may be

formed on them.

Experiment IX.

1. T Put into a Florence Flask full of cold

JL water, a fmall round redifh gravel

(tone, about th of an inch diameter, and al-

fo a piece of a very hard Calculus 5 and hav-

ing fufpended the flask over a fire, when the

water boiled, air arofe in plenty from the

gravel, whereby it was raifed up in the wa-

ter, and much agitated to and fro j fo that it

looked like the Nucleus of a comet, with

its long train of air- bubbles arifing from it.

2. When it had boiled for an hour and

half, on pouring in a little more hot water,

it ceafed to boil for a minute, and during

that time, no air arofe from cither of the

Calculi,

3. An hour and half after that, I poured

into the flask fome more water, which was

much
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much cooler than what was poured in be-

fore : As foon as the water boiled, I expe&ed

air would arife again from the gravel 5 but

none rofe till it boil'd a confiderable time

:

Then I took out the gravel, and found it

wafted two thirds: But the very hard Calcu-

lus was not fenfibly wafted, notwithftanding

fome air arofe from that alfo in boiling.

4. I repeated the fame Experiment with

two other large hard gravel ftones, and a

piece of Rhenijh Tartar, which was diflblv'd

in a quarter of an hour 5 and found that when

the flask was filled up with very hot water,

then air arofe from the gravel, foon after the

water began to boil again: But when what

was wafted by boiling, was filled up with

cold water, then no air arofe from the gra-

vel till it had boiled a long time.

f. Hence we fee how the alternacies of

hot and cold, warm and cool, as they fix the

parts of the gravel, and thereby hinder their

arifing from it in the form of air, fo they

conduce much to the hardening of fome bo-

dies. Thus the parts of animals and vege-

tables do gradually coalefce, and the Calculus

hardens more and more in the bladder. And
thus by changes from very hot to fudden

cold,
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cold, fatal coagulations of the blood are fre-

quently made.

6. If there be any thing in the common
notion, that lying on one's back contributes

to the increafe of gravel in the Kidnies, by

heating of them, then this Experiment will

fhew one caufe which may contribute to it.

Tho' I fufpect, that a principal caufe of the

firft beginning of the growth of gravel in

the kidnies, is owing to the horizontal po-

fture we are in when we lie in bed : In which

pofture one of the Kidnies being lower than

the Bladder when we lie on one fide, and

both the Kidnies when we lie on our back j

the ^Pelvis or cavity of the Kidnies becomes

thereby the fink for the tartarine parts of the

urine to fettle in. And the urine being in

that pofture propelled by the Kidnies with a

force not only equal to the perpendicular

height of the Bladder above them, but alfo

with a force fufficient to dilate the Bladder',

and circumambient parrs of the Abdomen*

the urine muft needs prefs (efpecially when
the Bladder is in a good degree full) with a

confiderable force againft the orifices of the

excretory guts of the Kidnies* whereby the

progrefs of the urine being in fome degree

retarded, it has more time to depofit its

Q Tartar
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Tartar in thofe fmall 'Duffs in tint papilla,

where it is thought the firft minute begin-

nings of gravel are ufually formed 5 it being

in diffe&ions found there.

7. J). Might not thefe inconveniencies be,

in fome meafure, obviated, by lying as fol-

diers do in their Barracks, not in a hori-

zontal, but in a reclined pofture,with the head

and upper parts of the body confidcrably

higher than the feet and lower parts ?

8. In this pofture the urine flowing more

eafily down the Ureters, would not only more

readily carry its tartarine recrement along With

it ; but its preffure againft the orifices of the

excretory 'Duffs being thereby taken off, it

would more readily and in greater plenty be

feparated from the blood; for which reafon

it feems not improbable, that an ereft pofture

of the body may contribute fomething,among

other caufes, that are with good reafon ufual-

ly affigned, for the greater flow of urine in

the day-time, than in the night.

p. The care nature has taken to prevent

the urine's regurgitating from the bladder, by

means of valves placed at the lower orifices

of the ureters, where they difcharge them-

felves into the bladder, fliews the impor-

tance of the urine's not prefiing on the ori-

fice*
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fices of the excretory drifts of the Pelvis.

Ruyfch obferved the kidnies of a ftieep ex-

tended to the fize of a pint, occafioned by

ftoppage of urine in the bladder ; and doubt-

lefs, lefifcr degrees of preffure on thofe
cDu£ts, will proportionally incommode their

fecretions.

10. And for the fame reafons, it muft

needs be advifeable, to take care to lie alter-

nately, fometimes on one fide, and fome-

times on the other : For fmce, while we lie,

fuppofe on the left fide, the excretory

TluEls and Sinus's of the kidney will be

in a low depending pofture, for the recre-

ment of the urine to fix in them 5 while

at the fame time the excretory
cDu£ls and

Sinus's of the right kidney will be in fuch

a fuperior pofture, as that the feparated urine

freely flows from them, and vice verfa when
the right kidney is lowermoft; therefore

it feems to* be of no fmall importance, to

change fides alternately, that whatever fedi-

ment may have been fettled in the inferior

kidney, may, by inverting it, be wafhed out,

before it have time to fix into fmall fand

and gravel, whence it too eafily increafei in-

to a larger fize.

Q2 1 1. And
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.

And for the fame reafon it feems ad-

vifable, that when we feel the firft besin-

nings of uneafinefs in one kidney, we fhould

take care to have that be, for the moft part,

the uppermoft kidney, to try if haply, by that

means, the firft beginning land may be wafh-

ed away.

12. It is to be fufpe&ed; that the firft be-

ginnings of Calculus in infants, may be fre-*

quently owing to their lying much upon their

backs, as well as to their long retaining of

urine in the bladder while they fleep much.

15. I am fenfible, that thefe may feem to

fome to be very trifling precautions 5 yet for

the above-mentioned reafons I cannot think

them fuch 3 tho' I am far from imagining, that

they will be an effectual preventive for all 5

yet as they may poflibly be beneficial to fome,

it will fure be worth the while to make fo

eafy a trial, in a cafe of fo great importance

to our welfare.

14. Helmont fays, he was once afraid of

lying on one fide conftantiy, left the urine

fhould not pafs freely from the lower kidney

to the fuperior bladder, befides what impedi-

ment it might fuffer from the preffure of the

bowels. But he was eafed, he fays, of this

fear, when he found two perfons, who lay

conftantiy,
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constantly, the one on the right, and the

other on the left fide, and yet were neither

of them troubled with Calculi in thofc lower

kidnies, but one of them in the upper. But

notwithftanding this and fomc other like in-

fiances that I have known, yet it (ecms from

the above-mentioned reafons, moft likely

that the lower kidney fnould be moft liablp

to breed fand and gravel.

15-. Many obferving one kidney to be free

from Calculi, and the other not, concluded
(

it was owing to the different foundnefs of

the kidniesj fome alledging that the excre-

tory 'Dutts in the morbid kidney were too

narrow, others that it was too much relaxed -,

which they are found often to be : Which
relaxation may probably be owing to flop-

ping the fecretion of urine, and to a long

leries of pain from the Calculus, not that

the relaxation was the antecedent caufe, -but

the effeft of the Calculus.

1 6. I have known fome inftances of per-

fons who, in a fit of the gravel, have thought

they have been relieved much the fooner,

by kneeling on the floor, and leaning with
their elbows in the feat of a chair: The
bowels in this depending pofture not prcf-

fing on the ureters, they can dilate the more,

0.3 te
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to give a freer paffage for any (tone that is

in them to defcend.

Experiment X.

X- TT THEN we confider the great quanti-

VV ties of air that are in our food,

whether animal or vegetable, (without which
it would be no food) and at the fame time

reflect on the difpofition that moil of the li-

quors which we drink have to depofit tar-

tarine concretions, we cannot wonder to fee

the urine of fome perfons fo much difpofed

to breed the Calculus: Which quality of the

urine fcems to arife in a greater meafure from

our drink, than from our food 5 our food,

cfpecially that which is boiled, being more

mucilaginous than the greateft part of the

liquors which we drink, and confequentlv

lefs apt to depofit itsTartar: Of which con-

jecture we have fome further confirmation

from hence, viz. that by comparing the

feveral airs generated by diftillation, fermen-

tation, or efFervefcence, from animal and ve-

getable fubftances,with the airs generated from

their Tartars, which are concretions moftly

from their fluid parts, we find tha{ the Tar-

tars yield confiderably more air, than the fo-

U4
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lid fubftanccs of animals or vegetables: Which
fhews the aptnefs of fluid mediums for tar-

tarine concretions to be formed in. And
this holds true not only in urine, and fer-

mented liquors, as wine, &c. but the fame

may be oblerved in moft waters. Thus I

find upon trial, that the incruftations of pe-

trifying fprings are of a tartarine nature 5 as

are alfo the incruftations, which adhere to

the bottom and fides of vefTels in which wa-

ter has been frequently boiled.

2. For three hundred and eighteen grains,

or about half a cubic inch of petrified ku
cruftations from] the Cold Bath in Madingly

wood near Cambridge being diftillcd in

the iron retort, jig. 38. p. 266. Vol. I. there

arofe from it three hundred and twenty-fix

cubic inches of air, of which fifty-four cubes

loft its elafticity in fix days.

3. And from a hundred and fix grains of

the fame fubftance mingled with fpirit of

fait, there arofe in fermentation feventy-two

cubes of air, all which in feven days loft its

elafticity.

4. And it was the fame with the incrufta-

tion of a tea-kettle, in which well-water had

been boiied, which well was dug below a

ftratum of gravel into a blue clay: From

Q 4 |ths
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fths of a cubic inch of this incruftation, I

obtained, by diftiilation, three hundred and

twenty-four cubic inches of air, of which

one hundred and eighty loft their elafticity

in four days.

5-. And from a like quantity of the much

harder incruftation of the New River water

there arofe, in diftiilation, two hundred and

thirty-four cubes, of which in four days a

hundred and eight loft their elafticity.

6. The air arifes much flower from thefe

fubftances in diftiilation, than from the Tar-

tar of wine, or from the Calculus Humanus s

for which reafon a longer continuance of an

intenfe degree of heat is requifite.

7. From three hundred and twenty-eight

grains, or about half a cubic inch of the

powdered incruftation of boiled well-water,

let fall on two cubes of fpirit of fait, there

arofe eighty-one cubic inches of air, all which

loft its elafticity in feven days.

8. Three hundred and twenty- eight grains

of the laft-mentioned incruftation, with two

cubes of oil of fulphur, generated two hun-

dred and fixteen cubes of air, all which did

alio lofe its elaflicity in feven days.

9. The fame with the like quantity of oil

©f vitriol generated a hundred and ninety-

eight
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eight cubes, of which a hundred and twenty-

four were reforbed in fcvcn days.

10. A hundred and forty-fix grains of iiv

cruftation of a tea-kettle from water that

came from chalk at Ba/ingfloke in Hamp-

Jbire, generated with fpirit of fait, a hun-

dred and twenty-fix cubic inches of air, of

which feventy-two loft their elafticity in feven

days. This incruftation was depofited in fuch

plenty from the water, that in the fpace of

two years the cruft was half an inch thick.

11. Hence we fee, that thefe incruftations

are of a tartarinc nature : They adhere alfo

like Tartar, not only as fediment to the bot-

tom, but alfo to the fides of vefTels: Whence
we may not unreafonably conclude, that

many waters which produce thefe, have prin-

ciples in them, which may promote the

growth of the ftonc in the Kidnies and Blad-

der. For which quality fome waters are more
remarkable than others, as thofe of Paris,

which fo fur up the pipes with thefe tartarinc

incruftations, that the water cannot pafs. And
it is well known, that the inhabitants of Ta-
ris are more fubject to the ftonc in the blad-

der, than thofe of moft other cities. An ar-

gument that liquors contribute more to the

breeding of the Calculus than our food.

Of
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Of which we have a further proof in the
inftance of fmali wines, which abound with
Tartar, and which are too well known to
fubjeft thofe who drink them to the ftone
and gout.

Experiment XL

i.' I ^HAT waters are impregnated with

X thefe tartarine particles, more or
lefs, according to the different nature of the

fcveral Jirata, or beds of minerals, ftone,

&c. which they percolate through, is evi-

dent from the following Experiments ; viz.

2. A cubic inch of blue Clay being di-

ftilled, a hundred and eight cubic inches of
air were raifed from it, of which thirty-fix

cubes loft their elafticity. This clay does

not ferment with fpirit of fait.

3. Three hundred and eighteen grains of

white Italian Marble being diftillcd, little

air arofe till it had a very great heat, when
two hundred and thirty-four cubic inches of

air were generated, of which fifty- fix cubes

loft their elafticity in five days.

4. And from the fame quantity of a trans-

parent Trapezium-like fpar,which came from

the mountains in Switzerland, two hundred

and
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and eighty-eight cubes of air were raifed, of

which ninety cubes loft their clafticity in five

days. It was obfervable, that the air- bubbles,

which retained their form for fome time,

did, when their vifcid covering was burft,

emit fmoak, in the fame manner as diftilled

harts-horn did in Exp. jy. Vol. 1. p. 189.

5-. From a like quantity of Selenites there

arofe, in diftillation, but thirty-nine cubic

inches of air, of which nine loft their clafti-

city in five days.

6. From one hundred and forty-fix grains,

or near |d of a cubic inch of Chalk, there

arofe in efFervefcencc, with two cubes of

fpirit of fait, eighty-one cubes of air, of

which thirty-fix loft its clafticity in nine days.

7.From a like quantity of a Coralline Stone

and fpirit of falt,arofc two hundred and eighty-

eight cubic inches of air, of which a hun-

dred and fixty-two loft their clafticity in feven

days.

S.TromTurbeck ftonc, with fpirit of fait,

a hundred and eighteen cubes of air, the

greateft part of which loft its elafticity in

feven days.

9. From Fire Stone, and fpirit of fait, were
generated a hundred and eight cubic inches,

of
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of which thirty -fix loft their elafticity in feven

days.

io. In like manner I found great quantities

of air arife by efFervefcence from many other

foffile mineral bodies: As from ^Portland

(tone, black marble, blueifh marble, redifh

marble, Briftol diamond, and the lime-done

marble in which it grows ; alfofive different

kinds of fpars, and a hard Fluor , two (tones

that look'd like petrified wood, and two

others that refembled petrified bones. But

no air arofe from a hard redifh paving ftone,

which is brought in ballaft from Norway*

nor from the "Darby, Colen or French mill-

ftones, nor from iron ore ftone.

ii. Thus we find tartarine principles in

moft kinds of foflile bodies 5 no wonder then

that the generality of waters which flow

thro' them are impregnated in fome meafure

with the like alkaline qualities, fo that thofe

mineral waters which have wrongly been

called Acidul£y
being found, on further exa-

mination, to be alkaline, fhould rather be

called AlkalluU. Tho' it is probable, that

moft of the harder bodies, fuch as Briftol

Marble, Spar, and the like, communicate

but little of thefe qualities, in comparifon

of



On the Animal Calculus. 1 j 7

of what fome fofter kinds of (lone, chalk,

blue clay, or the like do.

12. Yet there arc fome waters which de-

pofit no tartarine incruftation in the veflels

they are boil'd in; fuch is the water which

is conveyed in a pipe, for the public ufe of

the inhabitants of Hodfdon in Hertfordjlire,

which rifes from a gravel, and boils up thro'

a fine white fand; which has no incruftation

in a boiler that has been ufed for fifteen

years: And fuch is the water with which

Mr. Serjeant Baynes's finely fituatcd houfe

at Havering hill in Ejfex is fupplied with 5

the top of that hill whence it flows, and on

which the ancient royal bower flood, being

gravel j whence, as alfo from fand, thepureft

fpring- water has been obferved to flow, if it

have not firft palled thro' Strata that it can

diflblvc. Such alfo is the water which his

Majejifs ^Palace at Hampton Court is fup-

licd with, which leaves no incruftation in

the coffee- houfe boiler, that has been in con-

ftant ufe for fourteen years : It has the fame

quality at the fountain-head at Mr. Harvey's

at Comb: And it is the fame with the wa-

ters, which arifc at North Homes, and in Old

*Park, which fupply the 'Dean and 'Preben-

daries > and other inhabitants of Canterbury.

Thefc
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Thcfc waters come from gravelly hills, and

are conveyed thence in leaden pipes,one from

Comb-hill in Surrey, and the other from a

like hill about a quarter of a mile's diftance

from Canterbury. So that water feems not

to contract any tartarine quality from gra-

vel. And it is accordingly remarkable, that

I cannot find upon trial, any tartarine qua-

lity in Gravel (tones or flint, either by fire

or fermentation.

13. Hippocrates condemns water that is

carried far in pipes of lead 5 yet three of thefe

above-mentioned waters arc carried a confi-

derable way in leaden pipes, that of Hamp-
ton-Court about two miles, and yet none

of them have any incrufting quality.

14. The Comb water is obferved to be

fofter, and to wafh linen clean with a lefs

quantity of foap, than either Thames water,

or the wster of the river, which runs acrofs

Hounflow-heath to Hampton-Court,.Whence

it feems not improbable, that the hardnefs

of many waters, and their curdling and coa-

gulating of foap, may be in a good meafure

owing to the tartarine quality with which

they are impregnated.

1 5-. The Comb water is not filtrated thro*

a great depth of earth before it comes to the

gravel,
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gravel, which is alfo the cafe of the Canter-

bury waters, and of thofe at Havering

B&wer.

1 6. As Comb Hill is gravel in a manner

to the furface, and the fprings (many of

which I have feen opened) arife at the brow

of the hill out of that gravel, the water muft

partake greatly of the nature of rain-water;

fince the dew and rain which falls on that

hill, receives probably no other alteration, in

percolating thro' the gravel only, than in

coming out more pure and free from ful-

phur than rain-water is. But in the year

1733, tnat branch of the fprings from the Con-

duit'Houfe to Comb-Houfe was opened, and

the drain funk about eighteen inches deeper,

fo as to come to the blue clay near t\\cCon-

duit Houfe, when large chalk (tones were

laid at the bottom and fides, for eight inches

height of this now deepened brick drain:

Whence there may be danger of thefe wa-

ters being in fome degree impregnated with

hard incrufting principles from the chalk

ftoncs, and blue clay.

17. On comparing the quantity of fedi-

ment remaining after the evaporation of

equal quantities, viz. thirty-four cubic inches

of rain-water and Comb water, I found it

exactly
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exa&ly the fame, viz. two grains, which is

in proportion to the weight of water as 1 to

4445" : And the fediment of Havering Bower
water was nearly in the fame proportion.

The method I made ufe of to do this with

accuracy, was by cutting off the upper part

of Florence flasks to a large orifice, which

being firft weighed were filled with equal

quantities of water, which was alfo weighed 5

thefe being fct on a fand furnace were there

evaporated with a gradual equal heat. The

fediment of the rain-water was of a darker

brown colour than that of Comb water 5 this

laft in a few days melted fo as to ftand in

fmall drops, whence 'tis likely there may be

a very fmall degree of fait in it, and that

probably of a nitrous kind : And a folution

of ftlver, being dropped into this water, caufes

white clouds, a fure fign of fait in it. The

fame quantity of *Dog and T^uck water at

Lambeth, taken up in a wet fummer feafon,

yielded fifty grains of a yellowifh faline pun-

gent fediment. From alike quantity of Scar-

borough Spaw water I procured forty-eight

grains of fediment, i. e. in the proportion

of one to a hundred and eighty-fives it was

near as white as double-refined loaf-fugar 5 in

(landing fome days it melted, and had a very

naufeous
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1

naufeous bitter tafte, as that of Ebjham and

the like purging waters have. The fedi-

ment from a like quantity of Brijiol hot

well-water was four grains, /. e, in the pro-

portion of 1 to 22225 it (hot into Stiria

like the Scarborough Spaw water, and was

white like it; in (landing fome days it

melted, but had no difagreeable tafte. The
like quantity of Bath Water, being evapo-

rated, after it had been bottled eight days,

yielded 23. f grains of a very white faline

fediment, which (hot alfo into oblong Stiria

or needles, like nitre, and was of a mild fa-

line nitrous tafte. On the evaporation of

half a pound of Havering well purging

water, there remained 24+I grains of fedi-

ment, /'. e. as one to a hundred and forty-

three. From half a pound of AEion water

there remained twenty-two grains of very

white fait, i. e. in the proportion of 1 to

15-9.2. And from a like quantity of Eb-

jham water feventeen grains, i. e. in the pro-

portion of I to 206.1. A pound of a very

good purging water near Cobham in Surrey,

yielded 68 grains.

1 8. It is obferved of moft fpring and well-

waters, that the fuller the iprings are by

great falls of rain, the fofter they are : But

R when
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when the fprings are at any time much fallen,

for want of a fupply of rain, then their waters

ireturn to their former hardnefs, which quality

we fee they are impregnated with from the

blue clays, and other Stratums which they

pafs thro\ Whence we fee the reafon of the

common obfervation, viz. that the water of

fprings, when they are very low, is not fo good

to brew with, as the water of the fame fprings

when they are high and full.

19. Dr. Mead in his Treatife of Totforts

takes notice of a common abufe committed

about London^ viz. " In the choofing of
" ftagnating impure Well-water for the brew-

" ing ofBeer, and making other drinks. Such

* a fluid indeed has oftentimes a greater force

ec and aptnefs, to extract the tin&ure out of
cc Malt, than is to be had in the more inno-

«c cent and foft liquor of rivers* but tor this

*< very reafon it ought not, unlefs upon mere
" neceffity, to be made ufe of; this quality

" being owing to the Mineral particles, and
u Aluminous falts, with which it is impreg-

< c nated.

20. " A late Author (fays the Dr.) viz.

<c ©r. J. H. SceleraAquarumy or aSupple-

« ment to Mr. Grant on the Bills of l\iortali-

!* ty> ty fearching into the firft accounts of
" the
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u thediftemper we call the Scurvy, defcrib'd

u by *Pliny, Lib. 25 c. 3. and Strabo Geogr.

" Lib. 6. under the promiicuous names of
u Stornacace and Scelotyrbe ; and examining

" the authentic hiftories of it, in later years,

" made by the mod obferving phyfidans in
u thofe countries where it was unhappily re-

" vived, as Olaus Magnus, Balduinus Ron*

"feus, J. Wierus, Solomon Albertus, &c.

" finds that the origin of it was in all times
u and places charged upon the ufc of
" unwholfome ftagnating Waters. Then by

" comparing together theclayey Strata of the

" earth about the cities of London, "Paris and
" Amfierdam, he {hews that where the water

" is worft, there this malady is moft rife. So
u that he has put it-out of all doubt, that moft

" of the perplexed and complicated fymptoms

" which are ranged under this one general

" name, if they do not entirely owe their

" birth to the malignity of this element, do

" however acknowledge it to be their main
" and principal caufe.

II. " And indeed Hippocrates himfclf, as

u he has very plainly decypher'd this dileafe

{Trorrhet. /. 2. c. 16.) by the title of

csrAwss /^gfaAot, orgreat Milts i io he does

very particularly in another Treattfe, {de

R 2 M Acre,
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" Aere, Aquis & Locis, fub finem) take

" notice, that drinking ofJlagnating Well*
u waters muft necefifarily induce an ill dif-

" pofition both of the Milt and Belly.

22. " If we inquire into the reafon of fuch
<c

ill effefts, we muft confider, that Clay is a

" Mineral Glebe, and that the grofs particles,

a and metallic fairs, with which waters palling
€c through fuch a bottom do abound, are, as

Dr. Lifter obferves, not to be mattered, that

they are indigestible in the human body.

T>e Fontib. Med. AngL 5P.
2.fag. 7J. Not

only therefore will thefe caufe, as he very

" well argues, calculous concretions in the

" Kidnies, Bladder and Joints ; and as Hif-
cc focrates experienced, hard fwellings in the

" Spleen ; but they muft neceffarily oftentimes

" by their corrofive quality twitch and irritate

" the feiifible membrances of the ftomach
u

arid bowels, and thus hinder and interrupt

<c the digeftion of our food. Nay, befides all

cc
this, when they come into the blood, it

1
is no wonder if thefmall canals of infenfiblc

" perfpiration are frequently ftopp'd and ob-

tc ftrufted by 'em 5 for it is upon this fcorc

u that SanElorius teaches us, heavy Water
tc converts thematter oftranffiration into an

« Ichor>
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" Ichor, which being retained, induces a Ca-
u chexy. Medicin. Static. Seel. 2. Aphor. 6.

23. " What mifchiefs will infuc hereupon,

every one (qcs; not only pains in the limbs,

livid fpots in the furface of the body, ul-

cers, &c. from the acrimony of the undif-

" charged moifture ; but many befides of thofe

" perplexing fymptoms which go by the name
<c of Hyfterical and Hypochondriacal, may
u take their rife from the fame fource.

24. " If thefe inconveniences are often-

" times not felt, at leaft not till towards the

" declining age, in ftrong and active habits

" of body 5 yet I am, from very good expe-

" rience, allured, that they deferve confider-

" ation in weaker conftitutions, and a fc-

t€ dentary life, efpecially of the more tender

'' fex.

25-. "I have the honour to be nearly related

* to a worthy perfon, who led formerly an

" affli&ed life from the frequent returns of
" violent Colic Tains, till (he was with hap-

" py fuccefs advifed by the noble Van Hel-
u mont not to drink (as fhe then did) beer

" brewed with Well-water 5 and her health

" is even now fo far owing to this manage-
<c ment, that an error in it is unavoidably

£ followed with the wonted complaints.

R 3 26. << For
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26. " For thefc rcafons 7liny toll us, lib.

u 31. c. 3. that *£<?/£ waters are condemned
" in the firft place, which when boiled do

" incruftate the Sides of the vejfels-, and
u that our Well waters do this, nobody
u who looks into the Tea Kettles of our
cc gentlewomen, can be ignorant/*

37. Helmont in his Lithiajis mentions a

petritying fpring near Bruxells, which fub-

je&s the monks to the gripes, unlefs they

daily ufe wild carrot feed boiled in beer. There

are indeed on the contrary feveral inftances

of perfons ufing petrifying and incrufting wa-

ters without finding any the like inconveni-

encies* or being ever fubjett to the done j but

we cannot thence reafonably infer, that many
pernicious effe&s are not frequently produced

by them.

28. To conclude, the foregoing Experi-

ments, as they fhew us the nature of the

Hone in the Kidnies and Bladder, and the

caufes from whence they arifej fo they may
probably be of ufe, if not in leading us to

the happy difcovery of a fafe diffolvent, yet

at leaft they may ferve to caution us to avoid

fuch things as are moft likely to produce them,

and dirett us in the ufe of fuch meats and
• drinks,
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drinks, as will be mod ferviceable in prevent-

ing its growth.

29. For tho' notwithftanding the urines of

all perfons have tartarine matter in them, as

is plain from the adhefions to urinals, c*rf-

yet far the greateft part of mankind are never

troubled with the ftone 5 and tho* moft per-

fons have fand, yet not many have the ftone

in the kidnies, and fewer in the bladder. It

feems therefore not unreafonable to think, that

if by proper meat and drink, and other pre-

cautions, the tartarine quality of their urine

who are fubjett to the ftone could be fome-

what abated 5 then they like others might

be free from the firft beginnings of it. But when
once any gravel is formed, it then too readily

increafes. For which reafon it is a matter of

great importance to ufe all proper means, to

void it as loon as pollible after it is fallen into

the bladder, before it be grown too big to pais.

I fufpeel that a principal reafon why many
ftones do not pafs off, is this 5 viz, the ftone

by (Emulating the neck of the bladder, caufes

a frequent endeavour to make water, when
there is but little in the bladder, whereby for

want of a fufficient quantity of urine to im-

pel it forward it is retained : Whereas did the

patientcontain his water til], the bladder was

R 4 *wdi
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well Ailed, there would not be only a greater

impelling force to pufh forward the done, but

the fphin&er of the bladder would alio be

thereby the more dilated, and fo make more

room for its paffage, efpecially if the urine

were made mucilaginous by proper drinks.

And in cafe it fhould not by this means pafs

off, but caufe a total fuppreffion of urine; it

is well known that a furgeoncan eafily remove

it, by means of a catheter; which removal

may poffibly caufe it to lie in a fitter pofture to

pafs off another time.

30. While I was intent upon thefe Experi-

ments on the Calculus, it occurred to my
thoughts, that large gravel ftones, which often

ftick for feveral days in the Urethra, to the

great torment of the patients, and which they

cannot fometimes be delivered from without

cutting them out, might be drawn out by the

following inftrument; viz.

31. I cut off the lower end of a (trait Ca-

theter, which made it a proper Canula for a

ftillet or Forceps to pafs through ; the lower

end of the Forceps was divided into two

fprings, like tweezers, whofe ends were

turned a little inwards; thefe fprings were

made of fuch a degree of tendernefs and pli-

ancy,
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ancy, as not to bear too hard againft the fides

of the Urethra, by their dilatation.

32. When this inftrument is ufed, the

fprings are drawn up within the Canula%

which being pafled into the Urethra as far as to

the ftone, the Canula mud then be drawn

back, fo far as to give room for the Forceps to

dilate; which dilated Forceps being then

thruft down a little further, fo as to embrace

the ftone, then the Canula muft again be Aid

down, to make the Forceps take faft hold of

the ftone, fo as to draw it out.

33. I fent this inftrument to Mr. Ranby, to

have his opinion of it, who tells me, that upon

repeated trials he found it extracts thefe ftones

with great cafe and readinefs : And that it is

fo well approved of by other furgeons, that

many ofthem make ufe of it.

34. This ftrait inftrument will therefore

ferve to extract fuch ftones as are lodged, af-

ter they have pafled the turning at the Os Tu-
bis--, and I am informed that they are apteft to

lodge in thofe parts of the Urethra which arc

within the reach of this ftrait inftrument. But

if it fhould lodge a little beyond the turn at

the Os TubiSy it might probably be practicable

to extract them thence by bending this inftru-

ment, as the common Catheters are bent 5 if

the
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the ftillet were filver, it would bend the marc
eafily.

35*. Mr. Ranbyis of opinion, that this in-

ftrument may be farther ufeful, m cafe of a

ftri&ure or contraction of any part of the

Urethra \ viz. by thrufting tint Forceps into

that ftri&ure, where by continuing fome time,

the conftant tendency of the fprings to dilate

will widen the ftri&ure.

TH I
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APPENDIX.
AS thefe obfervations and experi-

ments were intended to be in-

ferred under their proper heads

in the fecond edition of the

firft volume, fo I have here placed them in the

fame order, they having no connection with

each other.*

Observation I.

i. T TAving in Experiment XIX. Vol I.

X X p. 53. found the quantity of vapour

evaporated from a furface of water, in nine

hours in a winter's-day, to be ~ part of an

inch in depth ; it gave me occafion to refleft

on a vulgar error, viz. that it is a more un-

who'fome fituation to dwell on the fouthern,

than on Lhe northern fide of a river or other

water, viz. becaufe it is concluded, that the

fun does by its heats draw the vapours up

towards itfelf. It is certain, that watry par-

ticles do, by the action of warmth, rife in

the
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the form of vapours, perpendicularly upwards,

in a (till air. But if tRat air be in a progref.

five ftate towards any point whatfoever, the

vapours are then conftanrly carried along with

it, in a more or lefs oblique courfe, according

to the different celerity of the ftream of air.

Heat is fo far from attra&ing watry vapours

towards itfelf, that it on the contrary repels

them every way from itfelf.

2. What has probably led men into this

miftake, is the common obfervation, that

when a wet cloth is held before a fire, the

vapours which arife from that cloth, move
conftantly towards the chimney in which the

fire is : Which tendency is not owing to the

attraction of the fire, but to the force of the

ftream of frefh air, which is continually

flowing in, to fupply the place of the air,

which being rarefied by the heat of the fire,

is'inceflantly afcending up the chimney.

3. As it is obferved, that we have here ia

England more foutherly and fouth-weft winds,

than from the oppofite points, fo the vapours

muft on that account be blown more to the

northern than to the fouthern fides of rivers.

But the different degrees of healthinefs of

one or the other fide of rivers, on account of

the vapours which arife from them, is fo very

incon-
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inconfiderable, that it feems to be mere tri-

fling to take any notice of it 5 nor ftiould I

have done it here, had not the contrary been

a very prevailing opinion. The principal

advantage that the north fide of a river has

above the fouth fide, fecms to be this, <viz*

that it fhould be fomething warmer, on ac-

count of the reflection of the fun- beams from

the furface of the water.

Observation II.

1. TT was found in the fame XIX. Expert

X ment. Vol I. on making an eftimate of

the quantity of dew and rain which is ex-

pended in vegetation and evaporation, that

much the greateft part of what falls finks

down into the earth, and is fufficient in quan-

tity to account for the origin of fountains,

without having recourfe for fupplies, to the

great abyfs of waters; which is alfo further

confirmed from the following obfervations,

viz. Count Marfilli in his Htjioire de la Mere,

/>. 13. obferves that rivers from the neigh-

bouring mountains of Languedoc and Pro-

vence, do difcharge themfelves by undcr-cur-

rents into the fea, and that at great depth*

ynder water, particularly at Tort Miou.

2. And
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2. And lam credibly informed, that fprings

which come from the hills near FolkJIone, in

Kent, are in like manner feen to boil up thro*

the fands at the bottom of the fea. A proof
that the fea water does not afcend to the tops
of hills and mountains, and there form fprings

and rivers, but that thefe on the contrary de-

fcend into the fea.

3. If the fea water percolated up to the tops

of hills, then the high cliffs immediately ad-

joining to the fea, mould be conftantly drip-

ping with this percolated moifture, whereas

they are ufually very dry. Particularly in the

ifle of Wight, there runs a ridge of chalk hills

along its fouthern coaft with a high fteep cliff

immediately bordering on the fea, which cliff

is conftantly dry. But the fprings running as

they are determined by the dipping of the

Strata of thofe hills, break out on the north-

ern fide of them, at a confiderable diftance

from the fouthern fea, where they form many
rivulets which run into the fea, on the north-

ern coaft of the ifland. So that we find the

northern fide of thefe hills at a confiderable

diftance and height from the fea, very wet

with conftantly running fprings, whereas the

fouthern cliff, which adjoins to the fea, is con.

tinualiy
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tinually dry, and that juft above the imme-

diate beat of the waves.

4. It is well known, that when large quan-

tities of rain fall, its waters foak down
to great depths in the earth, and do there re-

plcnifti the fpringsj and if fea water does the

quite contrary, it m ft be owing to fome pe-

culiar property in that water, which can caufe

it to foak upwards to the tops of mountains,

which are not only at a very great diftance

from the fea, but alfo fome miles higher

than its furface at high water mark.

Observation III.

1. T"\R- T>efaguliers, in his abftraft of the

X-J firft volume of this book, obferves,

from the influence the fun is found to have

in rarefying the vapours at two feet depth un-

der ground in Experiment XX. p. 64.

" That the heat of the fun (hould rarefy the
cc moifture of the earth to this degree, or a

" great deal more, to drive it into the roots

" of plants, is very probable from fome ob-
4C fervations that Mr. Beighton, F. R. S. and
" himfelf, made upon the engine to raife wa-
" ter by fire* whereby it appears, that the
if (team or vapour of boiling water is rarer

S " than
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" than water from which it was produced,

" above 13000 times, when its elafticity is

" equal to that ofcommon air, Thilof. Tranf.
* No. 35>8.

w

Observation IV.

i. 1 7* & OM the influence the fun had on

JP the fixth thermometer, at two feet

depth under ground, fo as to raife the fpirit

in it to thirty-one degrees in Experiment

XX. p. 64. Vol. I. we may hence fee the rea-

fon why cellars, whofe walls, or the

crowns of their arches, are immediately ex- •

pofed to the fun without any fhelter, will

feldom keep wine or other fpirituous li-

quors well, viz* becaufe they are thereby too

much heated*

2. I have alfo obferved from thofe thermo-

meters which were fixed at feveral depths un-

der grounds that when in March the fun has

fhined bright all day, it has had a confiderablc

influence in warming the earth to fome depth,

notwithftanding a brisk very cold eafterly wind

blew all that day* And doubtlefs the fun has

then the like influence on the inner parts

of trees, whereby it agitates and raifes the

fap : As alio on the inmoft parts of our bodies

when
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when expofed to it, while at the fame time

the furfaceofthem is pinched with cold winds.

And if there be any truth in the common no-

tion, that fitting (till for a considerable timem
the fun-fhine in fuch weather, is apt to caufe

agues, this may not improbably be effe&ed by

the influence of two fuch oppofite degrees of

cold and heat a&ing on the body at the fame

time, whereby the blood near the furface, for

want of brisker motion froma&ion, will be

thickened ; which is thought to be the ftate of

the blood when an ague fit comes on. And
that the blood moves but flowly near the

furface of our body, when v\e fit for a con-

fiderable time in the cold, whether within

doors or without, we may be aflured of from

common obfervation, viz. that tho', while we
are thus fitting,we may not be fenfible of any

confiderable degree of cold, yet on our firft

moving, whereby the motion of our blood i$

alfo accelerated, we are then immediately icar

fible of chilnefs all over us 5 which is doubtleft

owing to the very cool furtace- bloods then

running in greater plenty among the next ad-

joining inner veffels, which being much

warmer, are then ienfibly affected with the

fenfation of the much colder blood from the

furface of the body.

S 2 Ob-
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Observation V.

I. TfT*ROM the proof given in Experiment

JP XL.Fbl.Lf.i 28. of a free lateral com-

munication of the fap-veffels in trees, we may

fee the reafon why, if the bark be taken, for an

inch breadth quite round, off from a lateral

branch, it will often kill the branch below it,

tho' on the oppofite fide, viz. becaufe the

disbarked branch being thereby deprived of

a confuierable part, of its nourifhment, which

it received from between the bark and the

wood, it muft neceflarily draw more vi-

coroufly, a greater quantity of nourifhment

thro* its fap-vcffcls in the wood, than the op-

pofite branch; whereby that branch, being

deprived of its due nourifhment, will perifh,

provided the fize of the disbarked branch be

not fo finall as to deprive the oppofite branch

but of little of its nourifhment.

2. I have feveral times feen inftances of this

in a large Catharine Tear tree in my garden

i

which having on feveral of its arms a young

thriving (hoot, grown to about two inches

diameter, this (hoot attracted nourifhment fo

vi^orouQy, as not only to deprive of due

nourifhment and kill the direftly ftrait branch

above



A <P <P E N D I X. 161

above it, but alfo the lateral branches within

eighteen inches below it, whether on the

fame or on the oppofitc fide.

• 3. And I fufpedt, that the blading of here-

and-there a branch of a tree, may fometimes

be owing to the fame caufe, viz. the deprive-

ing them of nourifhment by the too ftrong at-

traction of the other boughs. This may fome-

times alfo be owing to a defect in the parti-

cular root which leads more directly to a dead

branch, as weil as fometimes to blading quali-

ties in the outward air, which may be often

fufficientto kill branches that are weakened by

thefe or other internal caufes, and yet at the

fame time not be able to hurt the more vigo-

rous branches of the fame tree.

4. And that foinc degree of defect in nou-

rifhment greatly fubjects fruit-trees to blading,

is evident from common experience j for

when trees are planted in a poor, or other-

wife unkindly foil, they are fo liable to

blaft, that they v^ry rarely bear any quantity

of fruit.

Ob
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Observation VI.

t. TT THereas in Exj>erimentTLVl. Vol. L

VV p. 1 41 . I have put it only as a con-

jefture, that I believed it would be found upon

trial, that in the early fpring, the fap moves

firft in the lower parts of trees between

the bark and wood, and not in the upper

part, as it would do, if the fap afcended thro*

the wood-veflels, andthen defcended between

the bark and the wood. And upon inquiry,

I am informed from workmen that have been

long accuftomed to bark oaken timber, that

in the beginning of the feafon, the bark often

runs well in the ftem, but not in the branches

:

And vice verfa, at the latter end ofthe feafon,

it fhall run well in the branches, but not in the

ftem : And I am pretty well affured from my
own obfervations, that it is the fame in the

vine* whereas the bark of the top branches

ought firft to be moiftened, if the fap defcends

by the bark.

O B-
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Observation VII.

1. ' I * O other arguments which are alledg-

X ed againft the circulation of the fap

in Experiment XLVI. Vol. I. this may be

added, viz. Count Marjilli a curious inquirer

obferves in his Hiftoire de la Mere,p. 57, 107,

173, that fea plants, which are all rootlcfs,

except the^^z, have no longitudinal capilla-

ry fap-veflels, thro' which rooted plants draw

nouriftiment to every part from the earth.

But the whole fubftance of thefe fea plants

is compofed of veficles, which veficles re-

ceive their nouriftiment immediately from

the furrounding water 5 and confequently

there being no longitudinal vefiels to convey

fap from one end of the plants to the other,

we may reafonably conclude, that there can be

no circulation of the fap 5 whence we fee,

that circulation is not neceiTary in order to

vegetation.

S+ Ob,
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Observation VIII.

I . ' I' *O the inftance of the imbibing power

X of grafted flocks, mentioned in Ex-
periment XLVI. Vol \.p. 147. we may add that

of the imbibing power of the fhoots of fig-

trees : For if the unripe latter fruit continue on

the trees all the winter, they will frequently

kill the fhoot they adhere to, as is plain by the

mortifications beginning at the ftem of the fig,

and thence fpreading thro* the whole fhoot j

whereas other fhoots, which had no figs on

them, have at the fame time furvived, as I

have found by repeated trials on fig-trees

which ftand expofed without the fhelter of a

wall : For which reafon it is advifeable to pull

off the latter crop figs before the winter comes

on, which will be a means to preferve the

fhoots in our ordinary winter ; but in very fe-

vere winters, fuch as that in the year 1728,

all the bearing fhoots will be killed, unlels

fheltered in a warm fituation. Now it can-

not be fuppofed, that this mortification was

occasioned by a circulation of the fap between

the bearing (hoot and the dead putrid fig 5 but

fliould rather feem to be effe&ed by the

fhoots imbibing noxious matter from the fig.

lhave
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I have obferved the like effect from dry rotten

quinces and apples, which have hung on the

tree all the winter. And it is doubtlefs in the

fame manner that a canker fpreads its infe-

ction j the ill effects of which are frequently

prevented by cutting out the cankered part.

Observation IX.

I. T Have in many inftanccs fnewn, that air

X freely enters the veffels of trees, and

that it is in a great abundance wrought into

their fubftancc. Qti. May not the ufe of thofc

fpiral wreaths that are coiled round the infides

of thofe veffels which are fuppofed to be air-

veffels, and which are manifcfrly to be feen

in fevcral trees, as alio in the leaves of the

vine and of fcabious, may not theic be de-

figned by nature to promote the quicker at

cent of air, by being in lbme mcafure con-

formed to its elaftic contortions ? For fuch

fpiral wreaths fecm to be altogether ufelcfs,

for promoting the afcent of any liquor, as

the fap which alcends mod freely thro' innu-

merable other capillary vcilcls, which have

no fuch fpiral coils in them. Not that we
are to fuppofc the air in its elaftic ftate actu-

ally to touch, and thereby to be determined

in
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in the courfe of thefe lpirals as any liquor

would be. But as the rays of light, when

they are refk&ed from a folid body, are found

to be refle&ed, without a&ually touching the

refle&ing body in the point of refle&ion 5 fo

it is not unreafonable to fuppofe, that elaftic

air may, like light, be diverted from one

courfe, and fo be determined to another by

the folid bodies it approaches without touch-

ing them, but rebounding like light from

thofe folid bodies near the point of contaft.

2. I obferve that thefe fpirals are coiled

in a courfe oppofite to the courfe of the

fun, viz. from weft to eaft.

3. I have feveral times obferved, that when
the fumes of burning brimftone haveafcended

among the leaves of a tree, thofe leaves have

very foon withered i and that, not by any

fcorching heat of thofe fumes, for the burn-

ing brimftone was at too great a diftance to

have that effe&$ whence it feems probable,

that thefe fumes fix and deftroy the elafticity

of fome adive elaftic principles in the leaves:

And §lu. may not fome blafts be owing to

the like effect, of volumes of fulphurcous

vapours which may float in the air?

Experiment



J<P<PENT>IX. 167

Experiment I.

i.TN Experiment LXVI. Vol. I. /. 181. I

X have given an account of the method

1 ufed to try what proportion of air could

be obtained from brandy, common water,

rain, Holt, Briftol and Tyrmont waters. I

procured in like manner a good quantity of

air from Spaw and Tunbridge waters.

2. I found, by the like trials on Ebjhani

and Atton waters, that they had little more

of this elaftic matter than common waters;

doubtlefc it is the fame with Scarborough,

Stretham, and the like purging waters. The

airs of fome of thefe mineral waters either

loft their elafticity, or were reforbed again

into the water in (landing two or three days;

but a great part of that of Ebfham and AElon

continued for fome weeks before the bubble

which they formed on the top of the water

wholly difappeared.

3. But from near two quarts of Bath

water, I could fcarce obtain a quantity of air

equal to the fize of half a pea ; which may

be owing both to its warmth, which will

caufe the elaftic fpirit to fly off, and alfo to

its fubtik fulphur, which may fix that fpirit.

4.

1
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^ I heated fome of this water in an in-

verted veffel, which was half full of com-

mon air, to try if the fumes would abforb

any of iti but when the veflcl was cold, I

found none of it abforbed. Whence we fee,

that when Bath water cures flatulencies in

the ftomach, it does not do it by ab(orbing

the flatulent air generated in the ftomach,

but feems rather to effect it, by preventing

the arifing of much air from the contents of

the ftomach, by means of the fubtile fulphur

contained in it, in the fame manner as the

fumes of brimftone do effectually check the

ferment of fpirituous liquors. And fince

the ftrongeft fulphureous fumes, fuch as thofe

which arife from burning brimftone, as alfo

from the violent ferment, which is made by

fpirit of nitre poured on powdered vitriolic

ftoncs, fince thefe fumes are not found to

abforb the half of any inclofed quantity of

air, there is therefore little reafon to expect,

that any the moft prevalent medicine fhould

cure thefe flatulencies, by abforbing what

air is already generated. We may rather

conclude, that it is effected by preventing, by

means of the fulphureous quality of the me-

dicine, the air's rifing too freely from the

digefting contents of the ftomach.

f.
And
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y. And perhaps its effctt on the blood

may be fomewhat of the fame nature, vix.

to ftrcngthen its texture by its fine fulphure-

ous and chalybeat particles, which are alfo

of the fulphureous kind ; whence probably

lefs flatulent fecretions will be made from

it into the ftomach and bowels.

6. And as rain-water is known to be im-

pregnated with a fine fulphur, efpecially in

warm weather, it fhould therefore be better

than other common water for the flatulent

to ufe: And if rain-water (lands fome time

to fettle, and be then drawn into another

vcflel, 'tis faid that it will continue fweet,

and fit to drink, for a long time.

7. As this Experiment on Bath water,

and the obvious dcdu&ions from it, carry

me no farther, fo I do not pretend to trace

what other effeds thefe kinds of waters may
have, by rectifying in other refpects the

blood and fpirits, or by ftrengthening the

too relaxed fibres of the ftomach, and other

parts of the body : For, ceterisparibus, more
air will arife from the digefting aliments in

a relaxed ftate of the ftomach, than when in

a healthy firm ftate; it more vigorouliy cm-
braces its contents, in the fame manner as

fermenting
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fermenting liquors emit more air in open

veflels, than when clofe confined.

Experiment II.

I. A Florence flask being filled with ale,

jLIl and its nofe inverted into a fmall

veffel full of the fame liquors when about

two cubic inches of air were rifen out of the

ale to the top of the inverted flask, I poured

that air up into another inverted flask full of

water : In ten hours the greateft part of this

air had either loft its elafticity, or was in

part abforbed by the water, of which little

remained the next day.

1. Hence we fee, that while air is rifing

from ale and other fermenting liquors, fome

of that air is returning at the fame time from

an elaftic to a fixed ftate: And to find out

whether it was fo or no, it was necefTary to

feparate, in this manner, a proportion of this

air from the ale, which by continually fend-

ing up frefh fupplies of air, made it difficult

otherwife to diftinguifh whether it were fo

or no.

3. From this experiment on ale we fee

the reafon why many of thofe fermenting

mixtures mentioned in Vol. I. Chap. VI. were

found



J<P<PEWDIX. 171

found to be fometimes in a generating, and

fometimes in an abforbing ftate, -viz. becaufe

fometimes they generated more than they re-

forbed, and then they appeared to be in a

generating ftate; and fometimes, efpecially

on a change from a warmer to cooler ftate,

they then appeared to be in a reforbing ftate >

not that their reforbing power was greater

in the cooler ftate, but becaufe little frefti

air was then generated, and part of what

was before generated, was continually lofing

its elafticity.

4. By feveral other the like experiments

I found, that all the air of fermenting malt-

drink did not lofe its elafticity, nor was re-

forbed by the water, and that, whether I

ufed large or fmall quantities of this air,

with either rain or common water, frefh or

falted, unboiled or boiled, to clear it of its

latent air.

5-. Neither, as was obferved in the fore-

going experiment, will all the latent air,

4 which is by heat raifed out cf feveral wa-

ters, be reforbed again, or lofe its elafticity,

till after feveral weeks, as was the cafe of

the airs from the Ebjbam and AEion waters.

But as to the*
cPyfniont

1 Spaw and Tun-

bridge waters, whence a greate* plenty of

this
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this elaftic matter is raifed by heat, it does

not continue fo permanently elaftic,

6. We may hence reafonably conclude

that waters, and moft other fluids, contain

in them both elaftic and unelaftic particles

;

the elaftic particles readily expanding into

bubbles of a vifible fize, when the weight

of the incumbent atmofphere is taken off

by the air-pump. But the quantity of air

which arifes by this means, or by heat, is

but fmall in comparifon of the bulk of wa-

ter. Yet Monficur Mariotte thought he had

raifed by heat, from a drop of water, a quan-

tisy of air, equal to eight or ten times the

bulk of the drop of water, Ejfay de la Na-
ture de I'Air, p. in. The air which he

raifed by heat arofe doubtlefs from the oil

which furrounded the drop of water; for

oil abounds with elaftic air, as I found by

Experiment LXII. Vol. I. p. 179. In my Ex-

periment LXVI. Vol. I. p. 1 8 1. I gave the wa-

ter a fcalding heat; if the heat had been

greater, the water would have expanded, fo

as to have either blown up the inverted vef-

fel, or to have been all expelled forcibly out

of it, as would have been the cafe with

Monfieur Mariotte** drop of water at the

bottom of his inverted glafs thimble, not

only
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not only full of oil, but alfo furrounded widv

it j. if he had given it a greater heat than J

gave the water in my inverted veflel.

7. That the air which is raifed and fepa-

rated from fluids, takes up a much greater

fpace, and is confequently more expanded

than while in the fluid, I found by the fol-

lowing Experiment, viz. I cemented to the

mouth of a half-pint viol, a glafs tube of

three inches length, and half an inch dia-

meter in bore; then, filling the viol full of

fmall beer, I put it in a glafs veflel which was

ten inches deep, filling the veflel with water

5

I then placed over the mouth of the viol

a fmall inverted glafs tunnel, made of

the neck of a Florence flask, its fmall

orifice being flopped with a cork, which

cork refted on the mouth of the viol. Then

by reclining the deep glafs veflel, all the

air bubbled out from under the bottom of

the viol, and from under the inverted tunnel.

Then placing the whole under an air-pump

receiver, I cxhaufted gradually fo much air,

as to caufe bubbles to rife out of the beer

into the glak tunnel, fufflcient to occupy a

fpace nearly equal to a cubic inch. Then
letting in the fmall quantity of air which

had been exhafted out of the receiver, 1 found

T the
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the quantity of air in the inverted tunnel to

be many times greater than the fmail empty

fpace in the tube which was fixed to the

viol, which was wanting to be filled up

with beer> and which vacancy was in a

great meafure occafioned by the wafte of

beer, which was made by the froth of the

bubbles, which flowed over the mouth of

the viol. Whence it is evident, that this

air takes up much more fpace, than when

interfpcrled in the liquor. And in Low-

thorp's Abridgment of the Thilof, Tranf

V* II./>- * l 9' lt was founc3 >
that on exhaufting

the air bubbles out of water, the bulk of the

water was icarce fenfibly diminiflied. Yet it

cannot hence be inferred, that the air was not

in an elaftic ftate while in thefe liquors. That

there is elaftic air in common water, is cer-

tain from hence, *viz. becaufe when frozen

to ice, the air-bubbles are then, by the unite-

ing of many of them together, become large

and vifible/ yet cold, as 'tis well known, does

'not increafe, but conftantly decrcafe, the ex-

panfivenefs of elaftic air.

8. Some have attributed the expanfion of

ice in freezing to the large colle&ions of thefc

air-bubbles, which are not to be iccn when

the ice firft freezes, but arc obferved daily to

increafe
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increafe in bulk more and morej yet the air

in thefe bubbles is not forcibly pent up in

them, as I found by thefollowingExperiment;

*viz. having placed a piece of ice under wa-

ter,! pierced holes into feveral of the bubbles >

yet the air did not rufn out with any force,

which it would have done, if it had been in

a ftrongly expanfivc date.

9. But tho' a good part of the air which

thus arifes from fluids, feems to have exiftcd

in an elaftic ftate in thofe fluids; yet the air

Which arifes from folid bodies either by the

force of fire, or of effervefcence, docs not

fcem to arife only from the interfaces of thofe

bodies, but principally from the mod fixed

parts of them. For fince the airs which arc

raifed by the fame acid fpirit from a great va-

riety of fubftanccs, have very different degrees

of permanency, as it was found in Exper. X.

Numb. 3, 4, 5\ 6, &c. and in Exper. XI.

Numb. 6, 7, 8, 9, 10. of Experiments

on Stones 5 hence 'tis probable, that thefe airs

do not arife from latent interfaces of the dii-

fblvcd (tones, &c. but from the folid fixed

fubftance of them. And fince the whole of

fome of thefe new-generated airs, does in a

few days lofc its elafticity, it fhould feem

hence probable, that whatever air arifes from

T 2 the
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the fpirft in the effervefcence, is not perma-

nently elaftic 5 or elfe that in the folution of

fome ftones, it is thrown off into a more
permanently elaftic date than from others.

10. And that this air, which is thus gene-

rated from folid bodies by effervefcence, is

not mere latent interftice air, feems further

probable from hence, viz. that tartar which

abounds fo much with air, when diflblved

with fpirit of nitre in Experiment I. Numb. 4.

of Experiments on Stones, generated no air 5

which fhews that certain effervefcent or fer-

menting degrees of vibration are requisite, in

order to throw the particles of diflblving

bodies into a permanently elaftic ftate.

11. There are other inftances in nature,

where the fame particlesare fometimes in an

elaftic,and at other times in a fixed ftate : Thus

in the Experiments oh Ele&ricity, the fame-

particles of tinfel, down, &c. are, when ap-

proached by a well-rubbed glafs tube, fome-

times in a repulfive, t. e. elaftic ftate, and

fometimes in an attra&ive and cohering ftate.

We may obferve the fame alfo in water,whofe

particles in a hot explofive ftate are vaftly ela-

ftic, but in a frozen ftate ftrongly cohering

and fixed 5 and why may not air-particles have

the fame properties? Fpr as all the parts of

this
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this fyftem are in a conftant ofcillatory mo-

tion, fo all matter feems to be agitated by

2 repulfive and attractive force.

1 2. But it is obfervable, that permanent air

arifes chiefly, and in greateft plenty, from bo-

dies which are fpecifically heavier than water;

whole attraction in a fixed ftate, and repul-

fton in an elaftic ftate, being on that account

greater than that of the .lighter watry par-

ticles, they are therefore better adapted to be

(with the fulphureous particles, which they"

moft ftrongly attract) the principal band of

union of folid bodies, than the lighter watry

particles : Tho' doubtlefs all the particles of

matter whatever do in a&ual contact cohere,

yet fince it is found by Experiments XLIX.

and LV. Vol. I. that the moft folid parts of

animals and vegetables yield a vaftly greater

quantity of air, and lefs water, than the more

lax and fluid parts, which abound with a

watry fluid; it feems therefore hence reafon-

able to conclude, that their folidity is prin-

cipally owing, not to the watry, but to the

air, and fulphureous particles.

13. And the fame holds true, when we
confider thefe particles in an.elaftic ftate; for

the fpecifically heavier air-particles continue

in a much more - permanently elaftic .ftate,

T 3 than
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than the lighter watry particles ; which tho*

probably, by rcafon of the much greater

number of them in equal bulks,they make a

vaft explofion when heated to a certain de-

gree, yet on the abatement of that heat,

they inftantly lofe their elafticity.

14. It will puzzle the Epicureans to give

a rational account how from a Chaos, a mere

neceffity of nature, and the cafual concourfe

of atoms, fo considerable a quantity of mat-

ter, as we find plentifully interfperfed in ani-

mal, vegetable and mineral bodies, fhould be

endued with this double capacity, of chang-

ing pro re nata from a ftrongly attra&ing fixed

ftate, to a permanently and vaftly elaftic date,

zxidviceverfa: this wonderful property of it,

which is fo neceflary for carrying on the con-

ftant regular procefles of nature, muft needs

be owing to the direction of an all-wifeBeing.

Observation X.

l.TT THEN I would diftil tartar, or any

VV the like fubftances, which abound

with great quantities of air, I have found it

an eflfeftual way to prevent the burfting of

receivers and retorts, to lute at the juncture

a glafs tube eight or tea feet long, and half

an
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an inch in diameter, thro' which the air

which arifes in diftillatipn paflcss the length

of the tube at the fame time preventing, \\\

a good meafure, the flying off of the fine vo-

latile parts. By means of this precaution, a

retort may alfo with fafcty be filled fuller of

liich windy fubftances as will not boil over

without any danger of burfting the glafles.

Observation XI.

I. T T THEN in ExperimentLXXlV. Toll.W p. 1 84. half a cubic inch of Sal

Tartar was diftilled from an an iniaiCW*,there

arofe from it two hiindred and twenty-four

times its bulk of air, and the remaning fcoria

did not run^r detiquium, an evident proof

that all the Sal Tartar was diftilled over

:

Which fhews that Sal Tartar confifts of vo-

latile fait, firmly combined with air-particles

by the a&ion of fire. For in the difiblution

of the parts of a vegetable fubftance by fire, a

confiderable quantity of volatile fait flies off

into the open air; while at the fame time,

fome of it is reduced to a fixed ftate, by

being ftrongly united in the operation to

particles which are capable of being thrown

iitfo permanently elaftic air. This is yery

T 4 frequently
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frequently obferved in the making of charcoal,

the duft which covers the great pile of burning

charcoal being covered with the white vola-

tile fait which arifes from the wood ; while at

the fame time another part of the volatile

fait which is found in the form of SalTartar

in the afhes of the charcoal, is reduced to

fo fixed a ftate, that it is very difficult to

volatilize it, unlefs it be mixed, as in this Ex-

periment, with a Calx.

Experiment III.

i. TN Experiment XCVI. Vol. I. p. 224. I

JL obferved, when I let frefh air into the

glafs veffel, ay Fig. 34. p. 168. that the fulphu-

feous vapours which arofe from the mixture of

fpirit of nitre, and vitriolic Walton mineral,

did abforb the frefh admitted air fo faft as to

make the water rife very vifibly in the inverted

glafs ays but I did not then purfue the Experi-

ment any farther, which I have fince done.

2. For if after the efFervefcence was over,

when the air az was grown clear, frefh air

was then let into the inverted glafs ay*, there

Would immediately arife a violent agitation

between the two airs, arid they would become,

from tranfparent and clear, a reddifh turbid

fume %
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fume; during which effervefcence a quantity

of air, nearly equal to what frdh air was let

in, would be abforbed; and if after this ef-

fervefcence was over, and the turbid air was

again become clear, frefh air was let in, it

would again grow turbid, and abforb air as

before, and that after feveral repeated admif-

fxons of air. But after each rcadmiilion of

frefh air, the quantity abforbed was lcfs and

lefs, till no more was abforbed. And it was

the fame after (landing feveral weeks, pro-

vided, in the mean time, too much frefh air

had not been admitted.

3. Antimony and fpirit of nitre at firft ab-

forbed a little air : it had not much effect the

firft day, but the next morning I found it ge-

nerating air at a good rate, with reddifh fumes.

I then lifted the inverted glafs ay from off

the bolt-head, and immediately immerfed its

mouth in water, in the veilel xxi upon which,

in an hour's time, it. abforbed four inches

depth of air; a quantity equal to one fourth

of the whole capacity of the glafs veilel ay7

. and it did the fame a fecond, third, and fourth

time; on the fifth admiflion of frefh air, it

abforbed but 3-f-? inches depth; but on the

fixth admiffion no more was abforbed, nor

was the air turbid.

4. The
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4, The bolt-head £, with its contained ef-

fervefcent mafs, I placed under a frefh glafs;

upon which it abforbed of this frefh included

air, fafter than the effervefcent mixture ge-

nerated air, fo that the water rofe in the in-

verted glafs > but after fome time, the water

changed to a fubftding ftate, an argument

that more air was then generated than ab-

forbed.

f. This air inftantly extinguishes a can-

dle, as do raoft of the airs which are taint-

ed with the fumes of thefe effervefcent

mixtures.

6. Spirit of nitre, with an equal quantity

of water poured on filings of fteel, abforbed

in an hour a good quantity of air: Three

hours after, when the air in the glafs ay was

clear, I let in a like quantity of frefh air ; but this

did not make the air in the glafs turbid, nor

v/as any of the frefh air abforbed. Yet when

at another time time I let the like mixture

of water and fpirit of nitre (land fix or izs^w

days, and then admitted frefh air, the air in

the <*lafs a y became immediately reddifh,

and very turbid, and abforbed air, as fail as

the above-mentioned airs of fpirit of nitre,

or AquaRegia, and antimony 5 but it would

not
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not do in any confiderable degree a fecond

time.

7. When frcfh air is let into the receiver

ay, whofe included air is impregnated with

the fumes arifmg from the mixture of com-

pound Aqua FortiSy or fpirit of nitre, and

JVhitfiable 'Pyrites mentioned in the follow-

ing Experiment i then the air in the receiver

turns very red and turbid, and much air is

abforbed after feveral repeated admiflions.

8. When frefli air is thus admitted into

the glafles full of fulphureous, tho' clear air,

a good part of the particles of the frefh air

muft needs be reduced, by the fulphureous

ones, from an elaftic to a fixed ftate, as in the

cffervcfcences of other liquors. Therefore

the rifmg of the water in the glafs veflel

*y> Fi&- 3+- ^oes not *~cem to ^e whoiiy

owing to the rebating of the air's elafticity

in fome degree, but rather to the reduction

of it from an elaftic to a fixed ftate 5 which

is further probable from hence, viz. that

the whole quantity of air admitted at feve-

ral times, is equal or nearly equal to the

quantity of fulphureous air a z, fo that both

airs are at the fame time contained within the

fpace az.

t>. When
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9. When mercury isdiffolv d in compound

Aqua Fortis, the vappur arifing from that

folution will alfo abforb frefh air.

10. The fevcral airs tainted with the

fumes of vinegar and oyfter-fhell, oil of vi-

triol and oyfter-fhell, belemnites and vine-

gar, did not abforb air: But the air of belem-

nites, and fpirit of nitre, did abforb fome frefh

admined air, as did the airs diftilled from tar-

tar and Newcaftle coal 5 but air diftilled from

an ox's tooth did not abforb any.

11. Since we have under this Experiment

£0 many inftances of the brisk agitation and

effervefcence, which arifes from the mixture

of frefh air, with air which is ftrongly im-

pregnated with fulphureous fumes, which

are raifed by effervefcence from feveral mi-

neral fubftances 5 and fince we have.alfo from

other Experiments many proofs-of the brisk

a&ion and rea&ion, there is between claftic

air and fulphureous particles, may we not

with good reafon conclude, that theirkfome

heat which we feel in what is called 3 clofc ful-

try temperature of air, is occafioned by the

inteftine motion^ between the air and the ful-

phureous mineral vapours which are exhaled

from the earth ? which effervefcence ceafes

as foon as thefe vapours are equably and uni-

formly
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formly mixed with the air, as happens alfo in

the effervefcences of other liquors: Thus it

is found that all other fluids, and even metals

in fufion,do equally mix and diffufe their fevc-

ral component parts. The common obfer-

vation therefore, that lightning cools the

air, feems to be founded on good rcafon, that

being the utmoft and laft effort of this ef-

fervefcence.

12. May \vc not alfo with fome probabi-

lity of reafon hence conjecture, that the firfl:

ignition or kindling of lightning is effe&ed

by the fudden mixture of the pure ferene air

above the clouds, with the fulphureous va-

pours which are fometimes raifed in plenty,

immediately below them; the moft dreadful

thunders being ufually when the air is very

black with clouds, it rarely thundering with-

out clouds? the clouds ferving in this cafe,

like the inverted glafs az, Fig: 34. as a par-

tition between the pure and fulphureous airs >

which muft therefore, upon their fudden ad-

mixture, thro' the interftices of the clouds,

make, like the two airs in the glafs, a more vi-

olent efFervefcence, than if thofc airs had
without the intervention of clouds more
gradually intermixed, by the conftant regu-

lar alcent of the warmer fulphureous vapours

from
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from the earth, and defcentof the cold ferene

air from above. And tho' there was no lumi-

nous flafh of light in the glaffes, yet when fuch

Hidden effervefcence arifes, among a vaft

quantity of iuch vapours, in the open cx-

panfe of air, it may not improbably acquire

fo rapid a velocity, as to kindle the fulphure-

ous vapours, and thereby become luminous.

13. And fince from the effe&s that light-

ning is obferved to have on the lungs of ani-

mals, which it kills, by deftroying the air's

clafticity in them, as alfo from its burfting

windows outwards, by deftroying the air's

elafticity on the outfide of thofe windows;

fince it is hence probable, that its fulphureous

fumes do deftroy a great quantity of the air's

elafticity,where-ever it palTes 5 it Pnould there-

fore caufe the greateft commotions and con-

cuflions in the air, when the air rufhes into

thofe thus evacuated places : which it muft

neceflfarily do with great velocity. Dr. Tapin

has calculated the velocity with which air

rufhes into an exhaufted receiver, when driven

by the whole preffure of the atmofphere, to

be at the rate of one thoufand three hundred

and five feet in a fecond of time, Lowthorp's

AbridgmentyThilofTranfVol.Lp.^ A
velocity fomething greater than that of founds,

which
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which is, according to ^AxfDerkam, at the rate

of twelve hundred and eighty feet in a fecond,

or a mile in 4+|th feconds 5 no wonder then,

that fuch violent commotions fhould produce

whirlwinds, hurricanes and thunder-fhowers,

efpecially in the warmer climates, where both

the fulphureous and watry vapours, being

raifed much higher and in greater plenty,

caufe more violent effe&s. Thefe thunder-

ings are alfo obferved to be frequent at

the end of long frofts, efpecially far north,

and after long drought, the fulphureous va-

pours then arifing plentifully out of the

earth.

14. If the firft enkindling of lightning

were from burning Focus's of the fun s rays

only, then there could be no thunder-ftorms

in the night-time, when the fun was fet,

but only in the day-time, when it is above

the horizon; yet it is well known, that light-

ning and thunder are frequent in the night,

which fhould therefore at that timearife from

an cffervcfcence in the air 5 which effcrvcf-

cence may very probably be frequently kin-

dled into lightning, as the learned Dr. Boer-

haave obferves in his excellent and elaborate

ElementaChemiayVol I.j/. 232. by the re-

fractions
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fra&ions and reflexions of the fun-beams

among the clouds.

i f. That the crooked dartings of light-

ning are not owing to its following a train of
fulphureous vapours in the air> is probable

hence 5 viz. that if a large viol, which has

all its air exhaufted, be ftruck on its fide with

the palm of the hand, there will iffue thence

pale, livid, pointed and crooked flafhes, four,

five or fix inches long, which crookednefs can-

not in this cafe be attributed to a train of ful-

phureous vapours; for the fame event will

happen, let the viol be ftruck never fo often,

whether it continues in the fame place, or be

removed. The Impetus therefore of light-

ning feems to be given it, at or near the firft

explofionof the fulphureous vapours, its force

being more or lefs in proportion to the

quantity of thofe vapours which are at once

enkindled.

Experiment IV.

i TT was found in Experiment XCVl.

X Vol. I. p. 224. that the Walton Tyrites,

which is a vitriolic ftone, abforbed more air

thin it generated, with compound Aqua-

fortis alone, and generated more than it ab-

forbed,
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forbed, when diluted with an equal quantity

of water. But it is not the fame with the

vitriolic Pyrites, which is gathered on the

fea-fhore near Whitfiable in Kent, of which

ftones green vitriol or coperas are there made 5

for when on five hundred and twenty-five

grains or half a cubic inch of it powdered,

a cubic inch of compound Aquafortis was

poured, it expanded with a red fume into a

fpace equal to two hundred and fixteen cubic

inches j but in two hours time that fpace was

wholly contra&cd, and a hundred and eight

cubic inches of air were abforbed. And
the fumes of this Pyrites were of fo ftrong-

ly abforbing a quality, that when the Aqua-

fortis was diluted with thrice its quantity of

water, its fumes abforbed a hundred and

forty-four cubic inches of air more than was

generated.

2. That thefe fumes do at the fame time

both generate and abforb air, is further evi-

dent from the following Experiment ; viz. I

placed at once under a large inverted chy-

mical receiver, whofe orifice was immerfed

in water, five deep and wide glafs tubes

which were clofed at their lower ends, and

bound faft together, and fupported at a due

height by a ftick in the midft of them. There

U was
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was in each of the tubes a cubic inch of com-

pound Aquafortis, on which I let fall at

two hours diftance from each other, the pow-

dered Whitjiable Tyrites. Upon the two

firft mixtures more air was abforbed than ge-

nerated s but the effervefcences of the three

following mixtures generated feverally more

than was abforbed 5 i//s.becaufe, as appears

in feveral other inftances, when the air in

the inverted receiver was much impregnated

with the fulphureous fumes of. the two firft

effervefcent mixtures, the fumes of the three

following mixtures abforbing no more air, the

quantity generated by thofe mixtures, was fctn

by the fubfiding of the water in the inverted

receiver.

3. This coperas (tone with oil of vitriol,

or oil of fulphur, or fpirit of fait, each diluted

with water, caufed a great heat, but no vifible

effervefcence or fume.

4. In thefe and the like experiments I fre-

quently made ufe of an inverted chymical re-

ceiver inftead of the cylindrical glafs, Fig. 34.

-which receiver was fufpended by a cord,

which was braced round it: I firft poured the

•acid fpirit into the bolt-head or large tube, and

then put into the top of the bolt-head an in-

verted neck of-a Florence flask, which formed

a little
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a little tunnel, whofe lower orifice being

flightly flopped with a cork or plug of cotton

or flax, I filled the ne ck with the powder, and

at the fame time put into it a ftrong piece of

wire, which was two or three inches longer

than the neck j then placing the bolt-head or

large tube under the inverted receiver, I drew

up the water into the receiver to a proper

height by means of a fyphon : Then with my
hand I raifed up the bolt-head or large tube,

fo as to make the wire bear hard againft the

top of the inverted receiver 5 whereby the

cork being pufhed out of the neck of the

flask, the powder fell down into the fpirit.

f. But when the five tubes above-mention'd

were placed at the fame time under the re*-

ceiver, then I tied long pieces of pack-

thread to the top of each wire, whereby

pulling only one of thefe at a time, the

powder fell then only into one tube. I find

thefe very ready ways to jnske thefe expe-

riments,

U

*

E*f£
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Experiment V.

AS this wonderful and important fluid

the air is found to be very operative

in every part of nature, whether aninjal, ve-

getable or mineral, fo we cannot eafily find a

larger field, for makin g variety of Experi-

ments, or wherein we may reafonably hope

to have our refearches rewarded with further

and more important difcoveries; particularly

in relation to the great ufe of it, to the life

and fupport both of animals and vegetables,

when pure and uncontaminated ; without

which it is fo far from being beneficial, that

it is noxious to them.

I will here therefore fubjoin fome expe-

riments which Mr. Profeflbr Muskhenbroek

made, with variety of effervefcent mixtures

both in the open air and in vacuo 5 an ac-

count of which he has given in his Addita*

menta ad Tentamina Experimentorum natu-

ralium captorum in Academia del Cimento.

" 1. A mixture of three drams of well

" re&ify'd fpirit of wine, and of an equal

" quantity of wine vinegar, made no vifible

iC commotion,but acquired a heat from forty-

"four
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u four to fifty-two degrees on Fahrenheyt's

" Thermometer.

" 2. The fame mixture id vacuo made
" an inftantaneous ebullition, which foon
<c ceafed, and acquired a heat from forty-four

" to forty-nine degrees. The mercury in the

" air-pump gauge defcended two lines on ac-

" count of the elaftic matter generated in

u the receiver, the capacity of which was
" equal to a hundred and forty-two Rynland
" cubic inches.

" 3. Half an ounce of fpirit of wine, and
u a dram of fpirit of fea-falt, did, when mix'd,

" without any fenfible commotion, acquire

" a heat from forty- fix to fifty.

" 4. The fame, when mixed in vacuo, ac-

u quired one degree of heat more.

"
f. Monfieur Geoffroy in I'HiJl. de L'Acad.

4C Roy. Anno 1727. fays, that almoft all the

" effential oils of plants which are prepared

" by diftillation. do, when mixed with refti-

" fy'd fpirit of wine, produce fome degree

" of cold, which Mr. Muskhenbroek found

to be greater when they were mixed in

a vacuo ; in the mixture of fpirit of wine, and
" oil of fenel, the degree of cold was in vacuo

" from forty-four to fdrty-two degrees, which

£ in the open air was not fenfible.

U
3

"6. When

a
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" 6. When oil of caraway and fpirif

cc of wine were mixed in vacuo, the de-

" greeofcold was from 45^041-, which
" cold was but half a degree in the open
« air.

" 7. Half an ounce of oil of turpentine,

" and a like quantity of fpirit of wine, did

on mixture acquire degrees of cold from

forty five to forty-three degrees, and

a like mixture in vacuo to forty-two de-

«

cc

grees.

" 8. On a mixture of half an ounce of
<c vinegar with a dram of red coral, there

" was a great efFervefcence like the boiling

" of hot water, with many air- bubbles 5 the

" heat was from forty-four to forty- fix-

*€ degrees.

" 9. When a dram of crabs- eyes was put
cc into half an ounce of vinegar, there was

" inftantly a great and lading efFervefcence,

« with much froths the heat was increafed

" from forty-four to forty-fix degrees.

" 1.0. On mixing the like ingredients in

" vacuo^ there was a very great efFervefcence

" with much vifcid frothi but what was

« very remarkable, thethermometer fell from
u forty-four to forty-three degrees 3 and the

" mercury
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" mercury in the air-pump gauge fubfided

" four lines; the ftones were much lefs dif-

" folved, than in the foregoing ninth Experi-

U ment.

"11. There was a vifible effervefcence, tho'

" little froth, when half an ounce of vine-

" gar and a dram of white chalk were mix'd

;

" the heat was increafed from forty-four to

" forty-five £th.

" 12. When the fame Experiment was re-

" peated in vacuo, there was a great frothing

" effervefcence, but the thermometer defcend-

" ed from forty-four to forty-three : And
" there was fo much elaftic fluid generated,

" as made the mercury in the gauge fall four

" lines.

"13. And the effects were nearly the fame,

" both in the air and in vacuo y where vinegar

" and a blue Namur ftonc were mixed.

" 14. Three drams of fpirit of fea- fait be-

" ing poured on a dram offilingsof iron, there

" arofe a fmall, though fenfible effervefcence,

whereby the heat was increafed from forty-

feven to fifty-feven degrees.

* c 1 f. But when the like mixture was made

in vacuo», there was a great and frothy cf-

" fervefcence, which continued long, and
*' diflblved the metal much more than in the

U 4 " fore-

iC

<c
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cc

foregoing Experiments the heat increafed

from forty-feyen to feventy degrees; the

mercury in the gauge did not ftir.

1 6. A dram of bifmuth being thrown into

" a like quantity of fpirit of fea-falt, there

" arofe a vaft frothy effervefcence, with
" white fumes ; the heat was fo great as to
cc

rife from forty-feven to a ^hundred and

" fifteen degrees. The fame being repeated

" in vacuo, there was a very great frothy

" effervefcence, with rifing fumes 5 but the

" heat was only from forty-feven to ninety-

" four degrees 5 the mercury in the gauge fell

u four inches.

" 17. A dram of golden marchafite being
€t thrown into three drams of fpirit of fait,

" these was no effervefcence, and very lit-

" tie of it diffolved in a month; the heat

" only from forty-feven to forty-eight \ de-

t' gfees.

"18. But in vacuo there was a remarkable
€t frothy cold effervefcence, for the thermo-
u meter funk one degree : The mercury in

" the gauge did not move 5 more of the mar-

" chafite was diffolved, than in the forme*

* Experiment.

" j 9. Three drams of this fpirit of fait,

[' with a dram of red coral, made a vehement

« frothy
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iC frothy effervefcence j its heat was from

f forty- fcvcn to fifty-fix degrees.

" 20. The like mixture in vacuo made a

" vaft frothing effervefcence, with the fame

" degree of heat as before : The mercury in

" the gauge fell 3 TVth inches.

" 21. A like quantity of fpirit of fea-falt,

" being poured on a dram of pounded mar-

" ble, thfre was a great frothy continued ef-

" fervefcence, the heat of which was from
" forty-feven to fifty-feven degrees.

" 22. The like mixture in vacuo made a

" vaft effervefcence, which was foon oyer

;

" but its heat was only from forty-feven to

" fifty-two degrees. The mercury in the

" gauge defcended 3 | inches, by reafon of
" the elaftic matter which was generated in

f
€ the receiver.

" 23. A dram of ox-bone being put into

" three of fpirit of fait, raifed a great frothy

" effervefcence of fome continuance > the

" heat of it was from forty-feven to fifty-

H feven.

" 24-. The fame being repeated in vacuo,

" made a greater effervefcence, tho' not of
" fo long durations the heat riflng only to

ft fifty-five degrees.

2f. Spirit
cc
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2f. Spirit of nitre with rain-water

" caufes a heat from forty-five to fifty-three

if degrees, with an equal quantity of diftiiled

u elder-water from forty-feven to fifty-one

" degrees. The fame mixture in 1/^0*0 caufed
u a vifible efFervefcence, with fome vapour;

" the heat was from forty-one to fifty-five

" degrees.

" 26. Scurvy-grafs water mixed with an
:c equal quantity of fpirit of nitre, caufed

" an immediate fhort perturbation, which
" raifed a heat from forty-fix \ to fifty-five

" degrees

27. The fame being repeated in vacuo,

" there was a fort of efFervefcence with va-

u pours 5 the heat was alfo fifty- five degrees.

" 28. A dram of Cerufe with fpirit of
€e nitre made a great and hot efFervefcence,

" viJtei from forty-fix to fifty-eight degrees.

€C
29. But the fame mixture in vacuo

" made a confiderable ebullition with frothy

*€ its heat was from forty-fix to feventy-two

" degrees. The mercury in the gauge did

" not ftir.

" 30. A dram of Saccharum Saturni with

" fpirit of nitre, caufed no fenfible commo-
" tion ; yet the heat rofe from forty-fix to

fifty-two degrees.

" 31. But

a



JT'PEN'DIX. i 99

"31. But the fame mixture in vacuo, made
" a conftderable fhort efFervefcence with

"froth; the heat rofe from forty- fix to

" fifty-four degrees.

" 32. A dram of Minium, thrown into

M fpirit of nitre, made a fmall, but vifible

" efFervefcence, almoft,without froth or va-

" pour.

" 33. But the like mixture in vacuo made
" a remarkable efFervefcence with froth, of
" long continuance, and ten times greater

" than before; the heat increafing from forty-

" fix to eighty-eight degrees.

" 34. A dram of Litharge in fpirit of
" nitre, made a confiderable efFervefcence

" with froth, which foon ceafedj the heat

" increafed from forty-fix \ to fixry-two de-

" grees.

" 35*. The like mixture in vacuo, made
* an efFervefcence of long continuance, its

* heat increafing from forty-fix -I to fixtjr

" degrees.

" 36. A dram of tin dropped into fpirit

" of nitre, did in an inftant make a mod fur-

H prizingly violent efFervefcence, fo that the

" heat increafed from forty-fix ~ to two hun-

" dred and fifty -, the fumes were fo great as

ft to fill the whole houft, and fume out at

" tlic
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*f the door: The whole tin was inftantly
u turned into a white dry powder, refembling
" true calx of tin. This Experiment ought
u to be made with great caution, left the

" lungs be injured thereby. When Aqua-
" fortis and tin were mixed, the heat was
" only from forty-fix to a hundred and fixty-

u three degrees.

" 37* When a dram of tin was dropped
cc into fpirit of nitre in vacua, there was
" alfo a violent effervefcence, tho' not near fo

" great as the others the heat arofe from forty-

" fix- to a hundred and eighty degrees. Some
u of the volatile fumes were elaftic, for the

" mercury in the gauge fell two -j inches.

" 38. Filings of iron, and fpirit of nitre,

" made a vaft frothy effervefcence, with large

t€ yellow fetid fumes; the heat rofe from forty-

<c
fix to a hundred and forty -five degrees.

" 39. The like mixture in vacuo, boiled

u much, with thick yellow fumes, its heat

<c \yasfrom forty-fix to a hundred and twenty
iC degrees: The mercury in the gauge de-

" fcended four | inches; wich fuming fpi-

*' rit of nitre the heat is fo fudden and great,

€t as to break the thermometers.

" 40. With a dram of filings of red cop-

" per, and fpirit of nitre, the effervefcencq

" with



A <P T E N Z> I X. }oi

" with yellow fumes was great, the heat

" from forty-fix to a hundred and fix 5 a

" fmall part of the copper being difiblved,

" it made a fine green tincture.

<c
41. The like mixture in vacuo made a

" great effervefcence, the heat being from
" forty-fix to a hundred degrees : The mer-

" cury in the gauge defcended three i inches.

" 42. Spirit of nitre, and a dram of bra&
f

" made a vaft effervefcence, with plentiful

" red-hot fumes ; the heat thence arofe from

" forty- eight to a hundred and eighty degrees.

" All the metal was difiblved, affording a

" beautiful green tin&ure.

" 43. From the like mixture in vacuo,

" arofe a very great effervefcence, with plen-

" tiful fumes, the heat increafing from forty-

" eight to a hundred 5 all the metal was like-

" wife prefently diffolved into a tin&ure like

" the former. So that the effefl: of fpirit of

" nitre is in vacuo the fame on brafs and
" copper, but very different in the open air.

" The mercury in the gauge fubfided 3 J-

u inches.

44. A dram of filings of filvcr, and

fpirit of nitre, did effervefce,but not much

;

fome fume flew off ; the heat incrcafed
€e from forty-eight to fifty-feven.

y 4f. The
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" 45-. The like mixture in vacuo made an

" ebullition, like boiling water, but with
<c

little froth; but, what is wonderful, there

" was no heat excited in the thermometer at

" forty- eight degrees.

" 46. Spirit of nitre poured on a dram of
a bifmuth, made an inexpreffibly violent ef-

u fervefcence, and fuch plentiful fumes as

" filled the whole houfe like thofe from
" tin : The heat increafed from forty-eight

" to two hundred and forty-three. When
" the ebullition ccafed, the mixture fell into

u a dry yellowifh Calx.

" 47. The like mixture in vacuo made
" a vaft effervefcencc with plentiful fumes,

" which like dew ran down the fides of
cc the receiver; the heat increafed to a hun-

" drcd and fifty. The mercury in the gauge
" defcended 2 -| inches; lefs of this metal

" was reduced to a Calx, than in the fore-

Cf going Experiment.

"48. A dram of golden Marchafite

dropped into fpirit of nitre, made a great

frothing ebullition, with plenty of thick

yellow fumes ; it was almoft all diflblved.

" 49. A dram of crude Antimony> with

fpirit of nitre, made an ebullition, like

that of boiling water, with fome fumes

;

" the

cc

cc
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<c the heat rofe from forty-fix to fevcnty-thrce

" degrees > the greateft part of it was indif-

" foLved.

" 5-0. The like mixture in 'vacuo made a

" confiderable ebullition with froth, and

" plentiful fumes j the heat was alfo from
" forty- fix to feventy-three 5 lefs of this was
u diffolved, than of that in the open air. The
" mercury in the gauge defcended 2 1 inches.

" jri. A dram of the Lapis Calaminaris

" mixed with fpirit of nitre, caufed a vifible

" emotion, and the heat was from forty-fix

" to fixty degrees.

"72. The like mixture in vacuo made a

" very remarkable ebullition, with plentiful

" fumes, which covered the fides of the re-

" ceiver; the heat being increafed from
" forty-fix to a hundred and two degrees.

" 53. A dram of Tutti mixed with fpirit

" of nitre, caufed no vifible motion; the

< c heat was increafed from forty-fix to fixty-

" nine degrees.

" 5-4. The like mixture in vacuo made a

" remarkable frothy efFcrvefcence, with a

" heat from forty-fix to eighty degrees;

" more of it was diffolved, than in the fore-

" going Experiment. The mercury in the

* gauge defcended two lines.

" 51- A
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" 57. A lixivium of calcined aflies, with
u an equal quantity of fpirit of nitre, made a
" vehement effervefcence, with froth and
" plenty of fumes, the iieat being increafed

" from 46 \ to eighty-five degrees.

" 56. A like mixture in vacuo made a
" greater effervefcence, tho' its heat was lefsj

K viz. from 46 - to feventy-four degrees*

u The mercury in the gauge fell feven inches.

" 57- Spirit of nitre mixed with an equal
H quantity of new milk, made no fenfible

1 emotion j but yet the heat increafed from

47 to ffl degrees.

"
f8. When fpirit of SalAmmoniac', and

" fpirit of nitre, were, three drams of each,

" mixed, they made fome ebullition, and
" the heat rofe from forty^feven to eighty-

€c three degrees 5 the mixture continued linr

" pid and colourlefs.

" S9- When thefe two liquors were placed

tc in diftinft veffels under an air-pump re-

" ceiver, they both fumed while the air was
" exhaufting, and after it was all exhaufted-

" As foon as the fpirit of nitre was poured

" on the fpirit of SalAmmoniacy
the re rofc

" an inftantaneous motion, which like exr

" ploding gun-powder, difperfed part of the
< c

liquors but when thefe fpirits were after-

" wards
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" wards mixed more gradually, then the fol-

" lowing explofions were lefs violent, the

" heat increafed from forty-feven to fixty-

u three degrees. The mercury in the gauge

" defcended four inches.

" 60. Tho' when equal quantities of frefh

" urine and fpirit of nitre were mixed, there

" was no fenfible effervefcence, yet the heat

" increafed from forty-feven to fifty-two de.
<c grees.

" 61. The fame mixture in vacuo had no
" vifible commotion ; yet the heat was raifed

" from forty-feven to fifty-feven degrees.

u 62. Spirit of nitre mixed with an equal
u quantity of fpirit of vinegar, there was

" fcarce any vifible commotion; yet the heat

u arofe from forty -fix to fifty-four degrees.

rt 63. The fame mixture in vacuo had a

a fmall commotion during its mixture, and
€i acquired a heat from forty-fix to fifty-fix

u degrees. The mercury in the gauge did
li not ftir.

11 64. Spirit of nitre, with half a dram of
u crabs eyes mixed, made a confiderable

ic frothing effervefcence 5 whereby the heat

u was increafed from forty-fix to fifty-four

u degrees.

X « 65. The
'D'
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ic
6$. The fame mixture did in vacuo make

? a great frothing cffervefcence, four times
Cc greater than the former; its heat was raifed

" from forty-fix to fifty-fix degrees; they

" were wholly diffolved in both cafes.

" 66. Equal quantities of lemon-juice and

? fpirit of nitre caufed no vifible emotion
Ci when mixed; and tho' the fpirit of nitre

16 funk inftantly to the bottom, the lemon-
16 juice fwimming on the top, yet the heat

" increafed from forty-fix to fifty-two \ de-
u

grees.

cc
67. The fame mixture in vacuo, tho'

u
it caufed no vifible emotion, yet raifed a

€i heat from forty-fix to fifty-fix degrees, the
u mercury in the gauge (landing (till.

a 68. Equal quantities of fpirit of nitre

" and French white wine, when mixed,

< 4 caufed a heat from forty-fix to fifty-three

" degrees j yet there was no vifible emo-
" tion in it.

" 69. Equal quantities of fpirit of nitre,

" and diftilled oil of faffafras wood, made
" a violent cffervefcence, with fume and

f
e heat. Yet fpirit of nitre and two drams
u of oil of anifeed, when mixed, neither

ic made any emotion, nor alteration in the

" heat.

" 70. N.B.
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" 70. N. B. This fpirit of nitre was made
ic with bole ; it emits few air-bubbles in va-

" cuoj whereas the fuming fpirit of nitre,

iC and fpirit of fea fait, abound with plenty

u of air 5 hence, before thefe are mixed in

cc
vacuo, it is requifite to wait for fome time

" till they are freed from their air, that we
u be not deceived by taking air-bubbles for

" efFervefcences.

"71. Monfieur Geoffro/s fuming fpirit of

" nitre, when mixed with oil of turpentine,

ic or other efiential oils of plants, does in-

" ftantly kindle into a great flame ,• this fpirit

" is made by diftilling in a reverberatory

" heat two pounds of nitre with one of oil

I'
of vitriol.

a 72. Twenty drops of this fpirit being

" mixed in vacuo with a like quantity of

" oil of caraways; they made a great ef-

" fervefcence without flame, and the heat

" was raifed to two hundred and fixteen de-

u grees : When the inteftinc motion feemed
" to be over, he let air into the receiver, on
" which there was a flante raifed, which
a was foon extinguifhed, by the great fumes
u for want of a free air. Neither did oil

ic of turpentine, oil of rofemary, or oil of
« c anifeed, flame

k
in vaaw, nor when air

X 2 " was
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<c was let in, till a little oil of vitriol was
u added, which yet did not caufe the oil of
6i anifeed to flame.

cc
73. Three drams of oil of vitriol being

il mixed With an equal quantity of rain-wa-

ic ter, there was no vifible emotion 5 yet the

" heat increafed from forty-eight to ninety-

" two degrees.

u
74, Three drams of oil of vitriol, and

u a like quantity of the diftilled water of

" fcurvy-grafs, being mixed, made no emo-

" tion 5 but the heat was greater than with
Cl rain-water, viz. from forty-eight to nine-

" ty-two degrees.

" 75-. Like quantities of oil of vitriol,

" and diftilled alder-water, caufed on mix-

ic ture a heat from forty-eight to feventy

u degrees. Whence he obferves,that alder-

u water, which when drank refrigerates the

" body, has fome property in it, which

" checks heat to twenty-two degrees lefs

€t than rain-water; whereas fcurvy-grafs wa-
€i ter, which heats the body, has fome-

" thing in it, which, with oil of vitriol,

« caufes by fix degrees a greater heat than

" rain-water.

" 76. Three drams of oil of vitriol, and

" a like quantity of Rhenifh wine, when
" mixed,
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" mixed, caufed a heat from fifty-nine to

" 99 t degrees. He further obferved, that

" when the proportion of wine in the mix-

" ture was either greater or lefs, the heat

" was in both cafes lefs.

" 77. Two drams of Sal Ammoniac be-

" ins; thrown into three drams of oil of vi-

" triol, there was inftantly a great frothing

" efFervefcence, which filled the whole place

" with acrid fumes 5 which fumes were fo

11 warm, that they raifed the thermometer,

" which hung over them, ten degrees; while

" at the fame time another thermometer,

" which was placed in the mixture, de-

" fcended by reafon of the incrcafed cold

" from fixty to forty-eight degrees; the

" greateft part of the fait was diflblved. If

" while the efFervefcence continues, fomc
" water be poured in, the thermometer,

" which was in a defcending ftate, on ac-

<c count of the increafing cold, .will imme-
" diately afcend, on account of the then

" much increafed heat.

" 78. He repeated this remarkable Expe-
u riment in vacuo in the following manner;
" viz. He fufpended in the receiver one
" thermometer, fo as to be above the froth

[[ of the efFervefcent mixture four or five

X 3
<< lines
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" lines of an inch; the other thermometer

" he put into the veffel, in which was a
u dram of Sal Ammoniac, fufpending over

" it in a moveable viol, three drams of oil

** of vitriol 5 then having drawn the air care^

ft fully out of the receiver, he let all ftand

" thus for an hour, that they might have an
<c equal heat; after which, on pouring the

" oil of vitriol on the Sal Ammoniac, there

c< was inftantly a great efFcrvelcence, with
u fuch plenty of afccnding fumes, as filled

" the receiver, fo that he could fcarce di-

Cc ftinguifti the degrees on the thermometers
5

" but in half a minute the receiver was
c' more pellucid; the liquor in the thermo-

" meter, which was placed in the efferve-

u fcent mixture, had defcended from fixty-

Cc feven to forty-fix degrees in a minute's

cc time; after which it began to afcend, and
cc when it had come to fifty-eight, then the

" liquor in«thc other thermometer was at

<c fixty-nine j and when the lower thermo-

" meter was at fixty, then the upper one

" was at fixty nine one quarter. But when
« c after two minutes the lower thermometer

P was fixty-cight, then the upper was feventy

;

tc after another minute both thermometers

" were at feventy: But after five minutes

« the
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" the lower thermometer was at feventy-

" two, the upper one continuing at feventyj

<c and the lower one afcended to feventy-

<c four, even after a quarter of an hour,- and
<c when the effervefcence ceafed, yet the up-

" per one continued at feventy ; the effer-

<c vefcence lafted at leaft twenty minutes.

" For greater certainty, he repeated this Ex-

" periment twice, and found the event the

u fame. So the afcending vapours did in

a vacuo acquire three degrees of heat, the

" refrigerating mixture twenty-one degrees

<c of cold j it at firft increafed in degrees of
<c cold, but afterwards acquired heat, as the
<c mixture abated of its emotion ; for While
u there was a great effervefcence, fo long the

'* cold continued. There was a remarkable
a difference between this Experiment in va-

" cuOy and the other in the open air, where
u the afcending vapour was remarkably warn: ^

lt but in vacuo there was no warmth given
u to the upper thermometer, till after the

" effervefcence was over, when the fumes

" did not afcend." Whence I fufpeft, that

the heat which the upper thermometer then

acquired, might be owing to the heat com-

municated to it, from the mixture below,

which being at a diftance from it, could not

X 4« communicate
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communicate its whole heat, viz. feventy-

four degrees: We may hence alfo conclude,

that in the open air, the a&ion and reaction

of the air greatly increafed the effervefcence,

and confequently the heat of the fumes.

" 79. The ingenious author obferves hence
'* the great variety of very different effe&s,

a which thofe feveral effervefcent mixtures
a produces viz.

" 80. As firft, that the effervefcences of

^ the fame bodies produce the fame heat in

" the open air, and in vacuo 5 as appears

" by Numb. 49 and yo, when crude anti-

€C mony and fpirit of nitre were mixed to-

" gether.

"81. Sometimes effervefcences are greater

" and hotter in the air than in vacuo. Thus
€C Numb. 16. bifmuth and fpirit of fait made
" a greater effervefcence in the open air, and

f
c acquired a heat from forty-feven to a hun-

" dred and fifteen degrees 5 whereas in var
te cuo the heat was raifed only from forty"

€C feven to ninety-four degrees 5 it was the

<c fame alfo mNumb. 34 and 37, in 36 and

* 37, in 38 and 39, in 46 and 47.

"82. On the contrary, the effervefcences

« are fometimes hotter in vacuo, than in the

l
l open air 5 as is evident by comparing Num.
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i€ 14 and if, where fpirit of fca fait, and

" filings of iron, made a more vehement ef-

" fervefcence in vacuo, than in the airj for

€
f in vacuo the heat increafed from forty-

" feven to feventy, but in the air, only from

" forty- feven to fifty-feven degrees. It was

" the fame in Numb. 24, in 28 and 29, in

" 32 and 33, in 51 and 52, in 5-3 and 5-4,

" in 64 and 65:.

* 83. With fome mixtures, tho
3

there be
<c no vifible efFervefcences in the open air,

" there are great ones in vacuo, as in Num.
u 1 and 2, in 5-1 and f 2, in 5-3 and 5-4.

" 84. There are efFervefcences which are
<c hot in the air, but acquire no heat in va-
" cuo

7
as was the event in Numb. 44 and

44
85-. There are fome efFervefcences which

ic produce a greater degree of cold in va-

U cuo than in the open air, as in the mix-
" ture of fpirit of wine and oil of fenel

* Numb. y.

cC 86. There are others which produce
" heat in the open air, but cold in vacuo,
" as in the mixture of crabs- eyes and vine-
u gar, Numb. 9, 10.

u 87. There is fometimes a great heat ac-

ff quired without a fenfible inteftinc motion,

fftt



CI

314 dP&ENDIX.
u

as on the mixture of oil of vitriol and
ic water, Numb. 73, 74, 75-.

" 88. There are efFervefcences which ac-
u quire neither heat nor cold, as fpirit of
" fea fait with lead in vacuo.

89. There are alfo great efFervefcences

which produce cold, as oil of vitriol and
u SalAmmoniac, as in Numb. jj y 78. It is

" the fame alfo with oil of vitriol and vo-
€i latile fait of urine/'

90. Whence our author would infer, that

thefe degrees of cold are acquired by the

flying away of the fire with the rifing fumes 5

and that the heat of thefe efFervefcences is

not owing to the inteftine motion of the

parts, but to a real inherent elemental fire,

on the flying away of which cold is pro-

duced.

91. But when we confider, how vaftly

great the attractive and repulftve force of

many of the particles of matter are near the

point of contract, it feems not improbable,

that the acquired heat of efFervefcent mix-

tures may be owing to the- inteftine motion

arifing from thole contranitent and much

agitating powers i which as they are varied

by infinitely different combinations, fo their

effects mull needs be proportionably varied,

fome
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fome combinations tending to promote and

greatly increafe the effervefcent vibrations of

the particles, while others as much retard

them : But as we cannot pry into the various

pofition of thcfe particles, in their feveral

combinations, on which their different ef-

fects depend, fo it will be difficult to account

from any principle, even though a true one,

for the very different effects of effervefcent

mixtures.

u 92. He further obferves, that bodies are

" fometimes diffolvcd more by effervefcent

" menftruums in vacuo, than in the ait : As
a lead is, when thus mixed with fpirit of
(i fait 5 and filings of iron mixed in the

" fame, in Numb. 155 as aifo Tutti with
a fpirit of nitre, Numb. 5-4.

" 93. Yet bodies are often more diffolvcd

<< by a menftruum in the open air, than in

" vacuo, as brats in Aquafortis."

94. He obferves alfo, that there are fre-

quently generated in efFervcfccnc'es, either in

the air or in vacuo, elaftic vapours, which

are like aifi and are doubtlefs true perma-

nent air > for I have kept fome of thcfe thus

generated airs by me for fix years 5 after

which, on comp:clYmg them in a condcnf-

jng engine, in the fame manner as is men-

tioned
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tioned in Experiment LXXVII. Vol.\.p. 191.

I found that with equal weights they were

comprefifed exa&ly in the fame proportion

with common air, which was included with

them in the condenfer. I tried alfo air

which had been diftilled from Rhenifh tartar,

the day before, which I repeated again a

week after; in which time one fourth of the

air of tartar had loft its elafticity, as I found

by the degree of rifing of the water up the

inverted tube, in which it was contained.

That I might with the greater certainty be

affured of the degrees of compreflibility of

thefe different airs, I divided the capacities

of two equal tubes into quarter cubic inches,

by pouring feverally thofe quantities of wa-

ter into the tubes, and then cutting notches

with a file on the fides of the tubes at the

feveral furfaces of the water; by which

means I could fee, by the afcent of the com-

prefled water in the tubes, that both the fac-

titious and common air were exactly alike

compreffible in all degrees of compreffure

from the beginning, till they were loaded

with a weight equal to that of three atmo-

fpheres ; which was the fartheft that I durft

venture, for fear of burfting the glafs Re-

ceiver.

95-. And
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97. And as to the noxious quality of thefe

fa&itious airs, whether they are made by fer-

mentation, effervefcence, or diftillation; this

cannot be reafonably be an objection againft

their being true air, becaufe it is well known,

that common air is frequently alfo impreg-

nated with moft noxious and deadly vapours.

Thus the fumes which afcend up in the air

from fermenting wines, are very pernicious;

thofe alfo from burfting brimftone are moft

deadly; and fucti Mr. Hawksbee found the

common air which pafled thro' heated iron

and brafs tubes, but the air which pafled

thro* a heated glafs tube was not noxious;

an argument that the vapours which arofe

from the iron and brafs were noxious, and

not the hot air. There are many inftances

in the above-mentioned Experiments of Mr.

Muskhenbroek, of plenty of unelaftic vapours

arifing from the effervefcent mixtures \n<va

cuOy moft of which vapours were doubtlefs

very noxious, tho* they had no new generated

elaftic matter among them, as was evident by

the not fubfiding of the mercury in the gauge

:

Whence it feems probable, that the noxiouf-

nefs of new generated air, either by fermen-

tation, effervefcence, or fire, as alfo of com-

mon air impregnated with the like fumes, is

prin-
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principally owing to thofe fumes or vapours,

as mentioned in Experiment CXVI. Vol. I.

and not to a rebating of the degrees of its

elafticity 5 for that we fee is exa&ly the fame

with that of common air.

96. It is obfervabie, that though there was

a very great effervefcence made by many of

the above-mentioned mixtures in vacuo, yet

no elafticair was generated by feveral ofthem,

and but little by many others, not near fo

much as would probably have been made in

the bolt-head, Fig. 34. p. 168. Vol. I. where

I have given many inftances of much greater

quantities of air being generated by effer-

vefcent mixtures 5 the reafon of which dif-

ference feems to be this, viz. that the a&ion

and re-a&ion of the common air with the ef-

fervefcent mixture in the bolt-head, contri-

buted to throw off more air into an elaftic

ftate, than wasdone in vacuo>where there was

none of that air.

E x p E
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Experiment VI.

1. TN Experiment CXVI. Vol. I. p. 264.

A I have given an account of the refult

offeveral Experiments made by the refpiration

of air, included in bladders. In order to ob-

viate the inconvenience that I apprehended

miaht arife from the rancid vapours of blad-

ders, I made ufe of the following method, to

try with greater eafe and accuracy, how long

I could breathe to and fro, a certain quantity

of air, and to find how much of its elafticity

was in that time deftroyed > *viz.

2. I cemented faft at a hole in the top

of an air-pump receiver, a wooden foflfet ; I

let this receiver, whofe diameter was nine

inches, in a wide veflel, which had two inches

depth of water in it, leaving room at the

bottom for the water to pais freely to and

fro. In this pofition the quantity of air ia

the receiver was equal to five hundred and

twenty-two cubic inches. Then (lopping

my noftrils, I firft breathed out what air I

could from my lungs ; and then applied my
mouth to the end of the foiTet ; where I

breathed to and fro, the five hundred and

twenty-two cubic inches of air, for two mi-

nutes
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nutes and half i when growing uneafy, I

breathed out all the air I could from my lungs

asatthefirft, at the fame time giving a fignal

to a (lander- by, to mark the height of the

water in the receiver with a piece of chalk;

and upon meafuring I found, that eighteen

cubic inches, or T'^th part of the whole air,

was in that time reduced from an elaftic

to a fixed ftate; but fome further allowance

is to be made on account of the expanfion of

the air, by reafon of the heat it had received

in refpiration.

3. We fee in this Experiment, that near two

gallons of air, which received no noxious

fumes from the receiver, yet being breathed

to and fro for two minutes and a half, be-

came thereby unfit for refpiration : whence

no wonder that the air mould be infe&ed,

and apt to breed diftempers in clofe prifons,

where not only the breath, but alfo the plen-

tiful perfpiration, of many confined together

ftench the air, and make it apt to breed what

are called gaol diftempers ; which inconve-

nience might in a good meafure be prevented,

if gaols were fo contrived as to have a free

paffage for the wind to blow thro' them, and

thereby communicate frefh air 5 for want of

which many of thofe unhappy perfons are not

only
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only deprived of liberty in gaols, but too often

even of life alfo.

4. I have been informed by a perfon long

experienced in maritime affairs, that when

the air between decks has grown offenfive

by the vapours arifing from the bodies of

many perfons, it has been found of

fome benefit towards purifying that air, to

wafh the beams of the decks with vinegar,

and to fprinklc it about; and accordingly, in

Experiment CXVI. Vol. I. p. 266. it was

found, that an air which paded thro' cloths

dipped in vinegar, could be breathed to and

fro as long again as the like quantity of air

which was not thus purified 5 fo that the

fprinkling of vinegar between decks might

a little refrefh the airs vet where the flench

is great, it can be of but little benefit, and

that only for a fhort time ; nothing but a

thorough ventilating air can then be an ef-

fectual cure. Vinegar has been long looked on

as antipeftilential ; whence it is probable,

that there may be a ferment between this

acid, and the then too alkaline air, which

may thereby be reduced in fome degree from

its alkaline, to a neutral, more wholfomc

ftate ; for many acid and alkaline mixtures

produce neutral liquors.

Y 5. Now
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f. Now I found in the following manner,

the quantity of moifture with which thefe

five hundred and twenty-two cubic inches of

air were impregnated, by being breathed ro

and fro 5 viz. I broke off the neck of a Flo-

rence flask, fo low, that the diameter of its

orifice was three quarters of an inch, and then

filled it within an inch of the top, with wood
afhes well burnt : Then I run a glafs tube down
to the bottom of the afhes, and covered the

mouth of the flask with a fine rag, to prevent

the afhes being blown out, when I breathed

thro' them. Then pinching my noftrils clofe,

I breathed thro' the glafs tube, which con-

veyed my breath to the bottom of the afhes *

they being very dry, and fcarce cold, imbib'd

by their lixivial fait, the moifture ofmy breath,

as it pafTed through them ; and having exa&ly

poifed the flask and afhes in a fcale, before I

began to breathe through them, I found that

after having breathed fifty-times thro* them,

the afhes had increafed in weight feventeen

grains. The air which I there infpired was

very dry, for there were conftant fires in the

room; fo that the increafe of weight which

the afhes acquired, muft come from the moi-

fture carried off from my lungs. And

this may be taken to be nearly the quan-

tity
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tity of moifture with which the above-men-

tioned five hundred and twenty-two cubic

inches of air were impregnated, when it be-

came unfit for refpiration 5 for we breathe

fifty times in two and a half minutes. Now
a cubic inch of water weighing two hundred

and fifty-four grains, the five hundred and

twenty-two cubic inches will weigh 132588

grains , whence the like bulk of air, which is

eight hundred times lighter, will weigh 165'.

7

grains, of which the above-mentioned fevcn-

teen grains of moifture is but -^g-th part. Now
this proportion of additional moifture in the

air, does not feem alone fufficient to difqualify

it for refpiration : For the common air has

frequently a greater proportion of moifture in

it, viz. a quantity equal to the one third, and

fometimes to one half of the weight of the

air, which paffed thro' burnt afhes into an ex-

haufted receiver, tho' in a dry fummer air there

was no moifture found by this means, as Mr.

Teter Van Muskhenbroek, who made the Ex-

periment, relates in his Oratio de Methodo in-

ftituendiExperimenta T/jyJica, p. xxviii. Vide

TentaminaExperimentorum naturalium cap-

torum inAcademia del Cimento. We may
therefore hence reafonabiy conclude that theie

five hundred and twenty-two cubic inches of

Y 2 air
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air were difqualified for refpiration, not

barely by fuch an additional moifture, but

alfo from fome ill qualities in that moifture j

I fufpeft among others, the groflhefs of thefe

exhalations from the lungs, which may hinder

their free entrance into the minute veficles^

for it is with very great difficulty, that the al-

mod fufFocated lungs can, in this Experiment,

be but a little dilated*

6. We may alfo, from this Experiment on
wood afties, eftimate the quantity of moifture

that is carried off by refpiration ; for fince a

quantity equal to feventeen grains was breath'd

off in fifty expirations, there will proportion-

ably be four hundred and eight grains eva-

porated in the twelve hundred expirations of

an hour 5 and in twenty-four hours 9792
grains, or 1.39 pound; which fuppofing the

furface of the lungs to be as found in Vol. L

p. 242. 41635 fquare inches, then the quan-

tity evaporated from that inward furface will

be TFrith part of an inch depth. See Exper,

CXVI. Vol. I,

E X P E
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Experiment VII.

1 .
rTT^ H E confideration of the continued

X fucceflion of frefti air, which is found

necefiary to keep afire burning j alfo of the in-

tenfe degree of heat which a fire foon acquires

by being vigoroufly blown on by bellows j

thefe confiderations put me upon trying byEx-

periment what the velocity and force of that

air might be 5 which I found by applying a

proper mercurial gauge to the nofe of a pair

of fmith's bellows; whereby I found the force

of the compreffed wind in the bellows, was

fufficient to raife the mercury in the gauge

about an inch high, fometimes a little more,

and fometimes a little lefs. Whence the force

with which the bellows impel air into the

fire, is nearly equal to J^h part of the weight

of the atmofphere, which force does, as we
fee, make the compreffed air rufh out of the

bellows with great velocity.

2. Which velocity I eftimated in the fol-

lowing manner, viz. by meafuring the fur-

face of the upper board of the bellows, and

alfo the fpace they defcended in a fecond of

time j whence having got the quantity of air

Y 3 expelle4
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expelled in that time, viz. four hundred

and ninety-five cubic inches, this divided by

the area of the orifice of the nofe of the bel-

lows, gave eight hundred and twenty-five

inches, or 68.73 êct ' r 'ie lengtn of the cy-

linder of air, which rufhed out of the bellows

into the fire in that time. Which air being

compreffed with a weight -^th part greater,

than the weight of the atmoiphcre, its quan-

tity was -joth part of 49$- cubic inches greater,

*viz. 16. f inches, in all Jji/5 cubic inches

of air } which being thus forcibly impelled

into the fire with a velocity of 68.73 ^eet m
a fecond of time, the a&ion and re-a&ion be-

tween the elaftic vibrating matter of the fewel,

and that of the air, was thereby fo greatly in-

creafed, as to caufe a moft intenfe heat, fuffi-

cierit to melt metals.

The force with which the bellows of an

organ impel air into its pipes, being taken

in this manner, might not the velocities of

the undulations of air, which are requifite to

form thofe founds, be thence eftimated > The
velocity of undulating air to that of water is,

as eight hundred fixty-five to one, vi&.

nearly as their fpecific gravities.

ADE^
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DESCRIPTION
O F A

SEA-GAUGE,
Wherewith to meafurc unfathomable

Depths of the Sea.

i.TN my firft volume, under Experiment

I LXXXIX. p. 211, I propofed a me-
- thod for finding out the depth of the

fea at unfathomable depths 5 which method

the ingenious Dr. 'Defaguliers put in practice

before the Royal Society, with a machine

which he contrived i the defcription of which

he has given in the
c
PhilofophicaI Tranf*

aBions , Number 405-. I fhall here more par-

ticularly defcribe how to prepare and graduate

this Sea-Gauge.

Y 4 2. Suppofe
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2. Suppofe there be an iron or copper tube,

or a mufquet-barrel of any length, as fifty

inches, having its upper end well clofed up:

If this tube be let down, in this pqfition,

about thirty-three feet in the fea, for a co-

lumn of fea water of that height is nearly

equal to the middleweight ofouratmofphere;

then confcquently from a known property of

the air's elafticity, it will J3£ compreffed into

half the fpace it took up before,- fo that the

water will afcend half way up the tube 5 and

if the tube be let down thirty-three fept

deeper, the air will be compreffed into one

third of its firft dimenfion, and fo on-Jth

j-th, £th, &c. the Air being con ftantlycom-

preflible in proportion to the incumbent

weights whence by knowing to what height

jhe water has afcended into the tube, we

may readily know to what depth the tube

has dcfcended in the fea.

3. Now to meafure the depth of one of

thefe columns of fea-water, whofe fpecific

gravity to pump-water is found to be as

forty-one to forty : Firft, by a line let the

iron tube, with a weight at its bottom, fink

about thirty-three feet, which depth in fait

water will nearly anfwer to the weight of

the air, «t a mean height of the barometer $

thcq
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then draw up the tube, and obferve how far

the water rofe 5 if thirty-three feet of water

are equal to one atmofpherc, then will the

water rife fo high as to fill exa&ly one half of

the tube: But if the water rifes higher or

lower than half way, then by the rule of

three fay, As the number to which the water

rifes is to one, fo is thirty- three to the number

of feet, meafuring the feet the depth of the

column required. For example, fuppofe the

water rifes (when the tube is let down thirty-

three feet) only nine tenths of half way, then

fay, As 9 : 10 : : 33 : 36 I feet the depth of

each column; which being once known, the

number of columns of water is to be multi-

plied by this number of feet, whereby the

depth of the fca in feet will be known.

4. But fince when the inftrument has de-

fcended to the depth of ninety-nine columns,

or ninety- nine times thirty-three feet, the

air will be comprefifed into the 7ootn Pai't

of fifty inches, that is, half an inch, the di-

vifions both for fome fpace below, and alfo

above that, will be fo very fmall, that the

difference of feveral columns depth of water

will not be fenfible: So that an inftrument

pf no greater length than this, would fcarcely

give
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give an accurate eftimate of half a mile's

depth, that is, 2640 feet, or eighty column*

depth of water. The lengthening therefore

of this inftrument to four, five, or ten times

its length, would obviate this defed, and

make the difference of the degrees of defcent

more fenfible on the inftrument. But ftnce it

is impracticable to make a metalline tube of

fo great a length, and if it were made, it

would be fo unwieldy as to be eafily broken >

it is propofed therefore to obviate thefe diffi-

culties by the following method ; vm.

7. Let there be a globofe metalline body

made of copper, whofe capacity within-

fide may be equal to nine times the capacity

of the metalline tube : Let this globofe body

be firmly fcrew'd to the metalline tube with

a leathern collar, well foaked in fome undu-

ous matter, thereby to fccure that joint in

ihe moft effectual manner.

6. There muft be a hole at the bottom

of the copper globe opening into a metalline

tube foldered to that hole, which tube muft

be three or four inches length, that it may be

immerfed in a proper metalline ciftern, full

of fome tinged un&uous matter, as oil, or

the like 5 which being fpecificaily lighter than

fea- water, will fwim upon it, and con-

sequently
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fequently will daub the infide of the iron

tube, as far as the water was impelled up to it.

And in order to know that height, there muft

be fixed a (lender rod of brafs, iron or wood,

in the middle of the iron tube, from end to

end, with a knob at its upper end, both to

keep it at that end in the middle of the tube,

and alfo to prevent its being befmeared by the

fides of the tube, when it is drawn out to

fee by the mark of the unctuous matter on

the rod, to what height the water had been

prefled up the tube.

7. The capacity of the tube muft be

eftimated by pouring water in, when the

rod and metalline diameter are fixed in their

places.

8. Now fince the copper globe is fuppofed

to contain nine times as much air as the tube,

which is the fame thing as if the tube was

nine times as long j therefore the air m the

slobofe veflel will not be forced within the

capacity of the tube, till the veflel has defend-

ed to the depth of nine columns, or nine

times thirty-three feet; for then the air will

be comprefTed within one tenth of the fpace

it at firft took up.

9. Suppofing therefore the inftrument to

bave defcended to the depth of ninety-nine

columns
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columns ofwater, or ninety-nine times thirty-

three feet, viz. 316J feetj then the air will

be compreffed within T£o th part of five hun-

dred indies, (for the capacity of the whole

veffel was fuppofed equal to a tube of that

length) that is, within five inches of the

top of the tube ; and confequently the rod

will be found tinged with the coloured oil

within five inches of its top.

10. Suppofe again the inftrument to have

defcended to the depth of a hundred and

ninety-nine columns of thirty-three feet each,

then the air will be compreffed within the

To oth part of the whole, that is, nearly with-

in two and a half inches of the top of the tube.

In this cafe the inftrument will have defcend-

ed 6567 feet, that is, a mile and a quarter,

and a hundred and thirty-two feet.

11. Suppofe again the machine to have

defcended to the depth of three hundred and

ninety-nine columns, then the air will

be compreffed within To^th part of the whole,

that is, nearly within one inch and quarter of

the top of the tube; in this cafe the machine

will have defcended two miles and half, want-

ing fifty-three feet; which may probably be

t£ie greateft depth of the lea.

II. But
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12. But if there were occafion to explore

greater depths than this, it might, we fee, be

done with tolerable accuracy, by inlarging

the capacity of the 'globofe veflel, which

might be done without making it very cum-

brous. For fuppofe the diameter of the tube

were about iths of an inch, viz. common
mufquct- barrel bore, and that it were fifty

inches long, if the globofe veflel were nine-

teen times as big, it would not in that cafe

exceed the bulk of three gallons. But the

bigger the globofe veflel, the greater care

muft be taken to fecure well the fcrew,where

it is joined to the tube, that no air pals that

way.

13. The bigger the globofe body is, the

more weighty it ought to be, thereby the

more effectually to keep it in a low depend-

ing pofture 5 elfe the buoyancy of its con-

tained air might raife it as high or higher

than the upper part of the machine ; where-

by water rufhing in to the top of the tube,

no obfervation could be made, the rod be-

ing thereby moiftened from end to end.

When one Experiment has been made, the

rod and tube muft be wiped very clean, be

fore another be repeated.

14. This
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14. This Sea-Gauge being thus prepared, a

large buoy muft be fixed to it, which ought

to be a large piece of folid fir, or any other

light folid wood, well covered with tar, to

prevent any water's being prefled into the

fap-vefifels; for I have found by experience^

that wood, which was confiderably lighter

than water, has by being greatly compreffed

in water, become immediately fpecifically

heavier than water,- for the condiment parts

of all vegetables are fpecifically heavier than

water. If the buoy be made of a bladder

or hollow globe, with its orifice inverted

downwards, the air in them will be com-

preffed to fuch a degree, at great depths, as

thereby to make the buoyant body become

fpecifically heavier than the fea^vater, which

would prevent its re-afcending to the furface

of the fea j for which reafoil alfo the buoy-

ought to be able to buoy up the inftrument

when full of water. Befides, if the buoy,

when it rifes again, do not appear fome con-

siderable height above the water, it will not

eafily be difcovered : For it is probable, tha*

from great depths it may rife at a confider-

able diflance from the (hip, tho' in a calm*

To make the buoy therefore the more vifible

at a diftance, it will be proper to fix acrofs

each
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each other, at the top of the buoy, broad

fans of tin, painted either black or white,

as fhall be found moft convenient.

if. For greater accuracy, it will be need-

ful firft to try this Sea-Gauge, at feveral differ-

ent depths, down to the grcateft depth that

a line can reach, thereby to difcover whether

or how much the fpring of the air is dis-

turbed or condenfed, not only by the great

preffure of the incumbent water, but alfo by

its degrees of warmth or coldnefs at great

depths, and in what proportion at different

known depths, and in different lengths of

time, that an allowance may accordingly be

made for it at unfathomable depths.

1 6. And becaufe it is probable, that the

temper of the air, when the Experiment is

made, will be either warmer or colder than

that of the fea at a confiderable depth, it

will therefore be advifable to let down the

inftrument with a line to a good depth, there

to continue for fome time, till the air in it

may be fuppofed to come to the fame tem-

per with the fea-water : Then the machine

is to be pulled up fo far above the water, as

to let the air freely pafs either in or out of

the globe and tube, according as the included

air (hall either have dilated or contracted.

Then
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Then inftantly let the machine loofe to drop

dowil to the bottom of the fea;' which it

will do by means of a finking weight of

ballaft, which muft be fixed in the following

manner; viz.

17. The finking weight of ballaft muft

be fo fixed to the machine, by means of a

catch-hook, that as foon as the weight touches

the ground at the bottom of the fea, the

catch may then, by means of a fpring, let

go its holdi whereby the buoy will be at li-

berty to carry the machine up to the furface

of the water.

18. The weight of the finking ballaft

ought to be fo proportioned, as to be juft-

fufficient to fink the machine at firft; for as

the machine defcends, it grows continually

fpecifically heavier, by reafon of the conden-

sation of the air in its cavity $ on which ac-

count its motion will be accelerated, as well

as on account of the in^eflant a&ion of the

power of gravity upon its fo that if this gra-

vitating power far exceeded the contrary re-

nitency of the buoy, it would ftrike the bot-

tom of the fea with fo great a force, as

might endanger the breaking of the ma-

chine.

i9 . It
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19. It would therefore be advifable, firft

to let down the buoy with fomething of equal

weight with the machine, and an iron rod

intervening between the machine and the

buoy, thereby to guefs by the bending or

not bending of the rod, with what degree

of force it might ftrike the bottom of the

fea: And if the force fhould be found to

be great, I believe it might be advifable to

fix a pole between the machine and the bal-

laft, of fuch a degree of ftrength, that it

would break before it could give refiftance

enough to hurt the machine; this would

greatly break its force againft the ground.

Some of the fand or earth at the bottom of

the fea (hould be brought up as in common
foundings, with, tallow at the bottom of

the plumbet.

20. It would be advifable alfo to keep

an exaft account of the time of the machine's

(lay under water; whifh may be clone by a

watch that beats feconds, or by a pendulum
vibrating feconds, which muft be three feet

three inches and one fifth of an inch long,

between the middle of the bob and the up-

per end of the line.

21. Dr. Hook, in the Philofoph. Tranfatt.

Lo^thorpsAbridgmentyVol.\\.j>. 258. found

Z upon
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upon trial, that a leaden ball, which weighed

two pounds, being fixed to a wooden ball

of the fame weight, and both let dowh in

fourteen fathom water, they reached the

bottom in feventeen feconds, and the de-

tached wooden ball afcended to the furfacc

of the water in feventeen feconds more; fo

that if the machine above defcribed defcended

and afcended to greater depths with the fame

velocity, it would reach to the depth of a

mile in feventeen minutes, and reafcend in

the like time. But fince the buoyant body

may return faftcr to the furface of the water

than it defcended, therefore eftimates from

the nme of the bodies keeping under water

will be very uncertain: Yet when frequently

compared with the eftimate which is made

from the height of the water in the gauge-

tube, a rule may perhaps be formed from

thence, efpecially if the whole machine be

always the fame, and the finking ballaft be

always of the fame weight and fizc : As fup-

pofe the ballaft were put into globular earthea

veflels, made all of the fame diameter.

12. That the fea is not many miles deep,

is probable from hence, that all the great

oceans are here and there interfperfed with

iflands * an argument that though, as far as

the



A ¥ <P E N T> I X. 559

the founding line has reached, the fea is

found to be deeper and deeper the farther

from the fliore, (though with fome uneven-

nefs) which would come to a great depth

indeed, if it continued on fo from one boun-

dary of the vaft oceans to the other 5 the

interfperfed iQands prove, that it is not fo.

23. If we fuppofe the fea to deepen from

the fhores in nearly the fame proportion that

land rifes from the fhores, then, from the

following eftimate, the greateft depth of the

fea will not exceed five or fix miles: For

fince flow rivers arc found to have a fall of

about a foot in a mile, if we fuppofe the

river Niger in Africa (which is one of the

longed rivers in the world, and runs about

2400 miles in length) to fall at the rate of

four feet each mile, then its whole fall from

its rife to its difcharging itfelf into the fea

will be 1.8 1 miles 5 if it falls at the rate of

fix feet each mile, then its whole fall will

be 2.72 miles 5 if eight feet each mile, its

fall will be 3.72 miles j but if the fall be

fet at ten feet each mile, then the fall of

the river will be 4.5'+ miles; which is a

large allowance, and may therefore well in-

clude the height of the tops of the moun-

tains, from whofe fides thofe fprings break

Z 2 forth j
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forth 5 the higheft mountains being eftimated >

to be fcarce jigth of the earth's femidia-

meter

.

If wc fuppofe, that the whole quantity of

earth, which is above the level of the fur-

face of the feas, were equal to the whole

bulk of the waters in the bafin of the feas j

then fince the fum of the expanfe of all the

feas is confiderably more than the fum of

the furface of all the earth on this globe,

the general depth of the fca muft there-

fore be confiderably lefs, than the general

height of the earth above the furface of the

fea.

24^ To this method of taking the depth

of the fea, it may reafonably be obje&ed,

that though it has been found by experience,

that in leflcr degrees the air is comprefllblc

in proportion to the incumbent weights; yet

it is to be feared, that in greater degrees of

compreffurc, this proportional compreffibi-

lity would not hold true, by realbn of the

many watry and other heterogenous mix-

tures in the air, which would hinder its

equal compretfibility. Yet fince the irregu-

lar degrees of its compreflibility are not ye$

certainly known, it might be well to try the

inftnunent firft to die greateft depth a line

» can
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can be let down, which I find has been to

four hundred fathom ; in which cafe the air

would be compreffed with more than feventy-

two columns of water, each equal to the

weight of the atmofphere, fo that the air

would be compreffed into 7^d part of its na-

tural bulk, in which cafe the denfity of that

air would be to water as 1 to 11.64. When
the air is compreffed with the weight of

ninety-nine columns of water, at the depth

of 3267 feet, or half a mile and 627 feet,

then its denfity will be fth of water; at a

hundred and ninety-nine columns depth, or

a mile and quarter and 132 feet, its denfity

will be \th of water; and at three hundred

and ninety-nine columns depth, or two
miles and half, wanting 5-3 feet, its denfity

will be i of water.

2f. I have compreffed air with a weight

equaLto 37.4+ atmofphcres, in the follow-

ing manner; vizA took a giafs tube, which

was clofed at one end, the length of its ca-

vity 4.06 inches, its diameter 0.16. being

firft counterpoifed in a fcale, and then filled-

it with water; the weight of the water it

contained was one dram and fix grains. The
open end of this tube I immerfed in a final!

viol, at the bottom of which was fome mer~

Z 3 cury
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cury with a little fpirit of turpentine, which

.

was tinged with indigo: The viol and tube

were let down into a large bomb full of

water, which was placed under a cyder-prefs

;

then there was put into the orifice of the

bomb a wcll-turn'd plug of holly wood,

which was impelled fo forcibly into the

bomb by the fcrew of the prefs, that water

ouzed through the pores of the plug, not-

withftanding it had been dipped in melted

cement made of bees-wax and turpentine.

When I took the mercurial gauge out of the

bomb, I found the tinged turpentine had

rifen fo high as to have comprefled the in-

cluded air within the fpace of Q.12 inch of

the top of the tube, that is, the 38.44th

part of its capacity ; fo that the included air

was comprefled with 3 7.44 atmofpheres, equal

to the preffure at 1235-.^ feet, or 20^.9 fa-

thom depth in the fea* fo that the denfity

of this air was to that of yrater as 1 to

22.7.

26. Air, when thus greatly comprefled, has

not been obferved either to enter the mer-

cury in the gauge, nof to pafs through thp

pores of the glafss nor has it been found to

be fixed by any known degrees of compref-

fure or cold. What effed fuch an extreme

prefltire
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preffurc as two or three milesdepthof fea-wa

ter would have on it, we can know only by

experience j which might probably be tried in

the manner here propofed without much

difficulty.

27. The greateft degree of compreflurc

that I have been able to give air, was in the

following manners m. Having in frofty

weather placed the above-mentioned bomb
with the mercurial gauge in it under the cy-

dcr-prefs, in the fame manner as before de-

fcribed, I then covered the bomb with a large

quantity of pounded ice, which had half its

quantity of common fait mixed with it. In

a little time this great degree of cold burft

the bomb into three pieces, from top to

bottom. Thefe pieces opened wide, by fal-

ling afunder, but their lower parts touched

each others an evident proof, that the wa-

ter, though comprefled to fo great a degree,

as to burft the bomb, yet had very little ela-

fticity in it.

28. The bomb was lined all over within*

fide with a (hell of ice,which was about |ths

inch thick i it was full of air-bubbles.

29. As to the viol and mercurial gauge,

they were broken into many pieces $ and all

the pieces of the tube or gauge were dawbed

Z 4 within-
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within-fide with turpentine, and particles of

mercury, to the very top of the tube, which

was frozen at each end into the fhell of ice.

As the water in the middle of the bomb was

not frozen, this Experiment might eafily be

repeated without danger of breaking the gauge

or viol j viz. by fixing them to a fmall ftick,

of equal length with the diameter of the

bomb, by which means they would be fuf-

tained within the limits of the unfrozen

water.

30. We may from this Experiment make

fome eftimate of the force which was re-

quifite to burft the bomb, and confequently

of the degree of compreffure which the ait

in the gauge fuftained ; viz. the diameter of

the bomb within-fidc was
6-f~|.

inches, the

thicknefs of its fubftance at its orifice 1.2

inch, its thicknefs at the bottom was 1.9

inch. Now fuppofing the fubftance of the

bomb to be all over of the fame thicknefs with

its thinneft part, viz. 1.2 inch, then the area

of the iron ring, or the area of the iron of

the bomb, will be equal to 13.389 fquare

inches. That I may therefore: make fome

eftimate of the degree of coherence, of the

fubftance of the bomb in this ringlet, I fhali

found my calculation on Mr. Muskhenbroeks

77th
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77th Experiment, in his Introduftio ad Co-

herentiam Corporurtty p. fof. where he found

that iron wire, whofe diameter was
%

*

6 of a

Rynland inch, was pulled afunder with 45-0

pounds weight; the wire, being made of ham-

mered iron, was probably tougher than the

bomb, which was made of caft iron. I have

therefore made a large allowance for this,

in leaving a great part of the thicknefsof the

bomb out of this eftimate. A Rynland foot

being to an Englifi foot as 139 to 135-, or

as 1029 to 1000, then Tdth of the Rynland

inch is 0.1029 of an Englifi'md\, the area

of whofe tranfverfe fetiion is therefore

0.0083 19+65-; ky which number, if the above-

mentioned area of >the ringlet, viz. 13.389,

being divided, the produft is 1609.358, which

multiplied by 450, the weight which was

required to pull the wire afunder, the pro-

duft is 7242 1 1 Amfterdam pounds 5 which

being to avoirdupois-weight as 93 to 100,

will amount to 778721 pounds avoirdupois,

equal to the force requifitc to burft the bomb
in halves. And the area of the sreateft circle

within the bomb, being equal to 33. 19 lquare

inches, and fifteen pounds five ounces, or

if.41 6, being nearly equal to the weight ot

the atmofphere on a fquare inch, thefe, mul-

tiplied
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tiplicd into 33.9 fquare inches, give fii.6f
pounds, the weight of the atmofphere on a
circle of that areas by which dividing the above
number 778721, the product ipi gives

the number of atmofpheres, which preffed

on the air in the gauge, which air muft there-

fore be compreffed into tttt^ part of its firft

fpace 5 which is equal to the weight of a co-

lumn of fea-water, fo many times thirty-three

feet high, or ^0193 feet> or nin^ miles and

a half. And the length of the cavity of the

gauge being 4.06 inches, if the air in it was

condenfed in proportion to the incumbent

weight, it was then compreffed into 0.0026th

part of the length of the tube, viz. into

0.00066th part of an inch, or nearly ™*oth
part of an inch j much too fmall a fpace to

be feen.

7. And fince, as was above obferved, in

Exper. III. Numb. 13, the air, with the pret

fure of one atmofphere, rufhes into a vacth

umy
at the rate of 1307 feet in a fecond of

times with the impulfe of thefe lpi at-

mofpheres, it would in vacuo have a velo-

city of 37f miles in a fecond of time. And
how much greater muft the velocity of ex-

panding gun-powder be, which moves with

\o irrefiftible an impetus

!

32. In
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32. In order to eftinute how much the

fhell of the bomb might contract by the cold-

nefs of this freezing mixture, I laid an iron

back of a fire-ftove, which was of call iron,

on a mixture of pounded ice and fair, and

covered it with the fame. The cold made it

contract £th of an inch, i. e. ~-\\\ par: of its

length, wh ch was twenty-five inches.

Whence by calculation I found, the capacity

of the contracted fhell was 0.263 cubic inch

lels, npz. ji-jth part lefs, than that of the

fame uncontracted {hell. And the fhell of

ice within-fide at the fame time dilating

about votn °f *ts bu^> the bomb muft ne-

ceffarily burft.

33. In order to try the incomprefliblenefs

of water, I filled the above-mentioned bomb,

before it was burft, with pump-water, well

purged of air, which had fix + •£ degrees

of coldnefs above the freezing point : then

placing it under the cyder-prefs, I prefied faft

into its orifice a plug, which had a hole thro"

it from top to bottom of about half an inch.

diameterj into which hole I drove with a

hammer a ftrong tough afhen pin, which was

covered with cement. When the pin, which

was half an inch diameter, was fo faft driven

|n, that no -^vatcr could pais by it, it then

met
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met with fo abfolutc a refiftance from the wa-

re^ that it feemed as if the lower end of tly

pin had been driven againft a (tone, or folia

iron i fo that on ftriking very hard blows

•with the hammer, the pin was bruifed to

pieces between the hammer and the refitting

water. And the diameter of the bomb
within-fide being fix +~ inches, the area of

its greateft circle is 33.06 fquare inches,

then the inward furface of the bomb will be

four times that area, viz. 132.24 fquare

inches. This divided, by o. 196 fquare inch,

the area of the bottom of the afhen pin, the

produft 674.7 cxprefles the number of ftrokes

with which all fides of the bomb are ftruck,

at the fame inftant, and with the fame force,

that the hammer ftrikes the afhen pin,forcom-

preffed fluids prefs equally on all fides : And

as thefe ftrokes of the hammer would foon

have diftended and burft a fphcre of du&ilc

filver, fo the water was by this means much

more forcibly compreffed in this bomb, than

in the filver fphere of the Academy of Cr-

mento*

Ob
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Observatio n XII.

1# T-vR. <Plot in his hiftory of Oxford/hir*

JL/ obfcrvcs, that rivers are found con-

ftantly to freeze firfl: at their bottoms :
and

the fame is alfo obferved by watermen and

filhermen, in the Thames both within the

reach of the tide, and alfo above the tide

;

who not only feel it at the bottom with their

poles, a confidcrable time, viz. fome days

before the furface of the Thames is frozen

over, but fee it alfo rife up from the bottom*

with fuch force, as to dart up in pieces edge-

ways half afoot, and fometimes a foot above

the furface of the water, in which pofture it

continues a little time, and then turning flat

on the furface of the water-, it is carried in

great quantities along the dream, and is called

Ice-meers, which, ifthe froft continues, harden

into one folid furface, when the river is frozen

over*

2. Jan. 30. 1730. the fpirit in the ther-

mometer, which hung in the open air, being

at feven o'clock in the morning twelve de-

grees below the freezing point, and there

having fallen in the night near an inch depth

mi fnow, I went to the Thames, and found,

in
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in a bay at the watering place at Teddington,

where there was very little ftrcam, the furface

of the water frozen about 1th of an inch

thick 5 under which ice, I faw at the bottom

another bed of ice; then breaking away fomc

of the upper ice with a paddle, I took up

fome of the lower ice, which was about half

inch thick, but was not fo folid as the furface

ice, but more fpongy and cavernous. This

lower ice joined to the upper ice at the brink

of the water, and was gradually more and more

diftant from it, as the bottom deepened ; for

it adhered clqfe to the bottom, where the

(tones and fand were incorporated into it,

and which it brings up to the furface along

with it, when it is frozen to fuch a degree,

as to be fo much more fpecifically lighter

than water, as to be able to buoy them up

with it. And when it freezes to a considerable

thicknefs, it will raife up with it from the

bottom, the fifhermens ofier wheels, which

are funk down with ftones or bricks tied to

them to catch fifli..

3. *Dec* 28. 173 1. at eight o'clock in

the morning, the fpirit in the thermometer

being then 1 2+£ degrees below the freezing

point, I found the fame bay frozen over in like

manner, both on the furface aad at the bot-

tom,
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torn, as far as to the edge of the quick dreams,

where it was not frozen either at the bottom

or on the top, its motion being too brisk : And

accordingly the watermen and fifhermen ob-

ferve, that it freezeth fooncft at the bottom

where the ftrcam is moft gentle 5 and the

fame may be obferved as to the furface of a

pond, which will be frozen over fooner, in

that part on which a gentle north-eaft wind

blows, than where it is more cxpofed to a

ftronger wind.

4. Though fnow in frofty weather haftens

the freezing of water, yet it is obferved, that

the Thames freezes firfl: at the bottom alfo,

when no fnow has fallen long before : fo

that this cannot be owing to the finking of

the fnow to the bottom.

y . Now fince this freezing at the bottom is

never obferved in ponds, and perfectly ftag-

nating waters, it muft therefore be owing to

the motion of the dream* for in ftagnant

waters, as well as on the earth, it is certainly

colder in frofty weather at their furfaccs than

at fome depth; whereas in a flowing ftrcam,

the upper and lower waters being continually

Blended together, they are thereby brought

nearly to an equal degree of eoldnefs > and the

upper water being at the fame time in a greater

degree
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degree of motion than the lower, it cannot

fo foon freeze; for in this bay, where the

motion of the water was fmall; its furface

was frozen over, as well as the bottom, tho'

not with fo thick an ice : whereas in the main

river, where its motion was greater, its fur-

face was not frozen over, notwithftanding k
was much overfpread with ice-meers, which

were continually rifing from the bottom;

6. Another caufe which may contribute to

a river's freezing firft at the bottom, may be

this j viz, That as by experience it is found

much colder to ftand expofed to a bleak

dream of fharp air, than to ftand in the fame

open air under the fhelter of a hedge or

wall ; and as the hand put into cold water,

will be fenfible of a greater degree of cold,

if the hand be moved to and fro in the

water, than if it be held ftill ; becaufe in both

thefe 'cafes, the ftagnant fluids, which imme-

diately touch the body, acquire a conftant

touch a degree of warmth, more nearly ap-

proaching to that of the body; whereas

when there is a continued fucceffion of cold

fluid ftriking on the body, it muft needs then

be affetted with a greater degree of cold.

And the difference is the fame between a

river and a pond, the eround at the bottom

of
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of the river, being reduced to a much colder

ftate, by the continual flow of water over it,

than the bottom of a pond whofe water is

ftagnant. And in confirmation of this, it is

obfcrved, that it freezes firft at the bottoms,

where the ftream is g entle, but not at all at

the bottom of deep holes, whofe depth

fhelters them from the continued courfe of

the ftream : For which reafon the fifhes are

obferved to retreat into the deeper places in

very cold weather.

7. And for a further confirmation of this,

there was juft by the bay where I made the

obfervations, a narrow creek or dock, as

broad as two fmall boats, and as long as three

of them ; which creek being out of any de-

gree of the ftream, there was no ice at its

bottom i but the ice on the top was much
thicker, than that on the furface of the water

in the adjoining bay, which were only parted

by a narrow neck of land about two yards

wide.

Observation XIII.

I.
r I AHAT the warmth of the earth at

X fome depth under ground, has an

influence in promoting a thaw, as well as

the change of the weather from a freezing

A a to
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to a thawing (late is manifeft from this ob-

fefvationjvfe. Nov. 29, 1731, alittlefnow

having fallen in the night, it was by eleven

ihe next morning, moftly melted away on
the furface of the earth, except in feveral

Places in Bujhy-Tark, where there were drains

dug and covered with earth, where the fnow

continued to lie, whether thofe drains were

full of water, or dry, as alfo where elm pipes

lay under ground 5 a plain proof that thefe

drains intercepted the warmth of the earth,

from afcending ftom greater depths below

them 5 for the fnow lay where the drain had

more than four feet depth of earth over it.

It continued alfo to lie on thatch tiles, and

the tops of walls.

90 SI-
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HAVING fince the printing off the

fhcet in which the Sea-Gauge is de-

lcribed, received from Mr. Erafmus King*

an account of a trial made with it, I (hall

here infert it 5 <viz.

Mr. King being in the Baltick-Sea, in

the year 1739, attending the Right Honour-

able the Earl of Baltimore in his voyage to

Petersburg j and being provided with a glafs

tube, whofe cavity he had exactly graduated

into equal divifions, its lower end (landing in a

veffel of treacle 5 and having fixed a finking

weight to it, he let it down to the bottom

of the fea, by a line that was not divided

and meafured by knots, that the depth might

not be known by the knots on the line.

When he drew the tube up, he found by

the height, that the treacle had afcended in

it; that the air in the tube had been com-

prcfied into one ninth part of the fpace, which

it occupied before it was immerfed in the

fca. Then he multiplied 32 (the height in

feet of a column of water, which is equal to

the prefturc of the atmofphere) by 9, which

amounts to 288 feet, for the depth ot the

fca. He then defired the failors to meafure

A a 2 the
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the length of the line from the Chip's deck

to the bottom, which they found to be 300

feet; but fubtra&ing 12 feet for the height

of the (hip from the furface of the water,

there remained 288 feet, the fame depth,

that was found by the gauge.

Hence we may fee what good reafon there

is to believe, that the depth of the fea might,

by means of this fea-gauge, be difcovered

in unfathomable depths, where no line can

reach.

FINIS.
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Hair, its Strength 1 70. II.

Hearty to eftimate of its Force 17. II.

Its Force in a Horfe 21. II.

Sheep 28. II.

Dog



INDEX.
bog 38. ir.

Man 40. II.

To take the Dimenfions of its Cavities 17. It.

Heat, the greateft that Vegetables can endure

58. I.

Comparative of feveral Things 59, 60. I.

What Degrees of it fuit different Plants 61. I.

Of the Earth fufficient to raife its Moifture into

a Vapour 65. 1. 257. II.

Dilates the Pores and Blood-vefTels 126, 1 2^.11.

Of the Sun in the Earth, Trees and animal

Bodies 258. II.

Holt Water, its Air 181. I.

Honey, its Air 180. I.

Hops, their Perfpiration 31, 32, 56. I.

Why lefs thriving on the Outfides of Grounds

32. I.

When fubject to Fen 33, 34. I.

When to Honey Dews and Fire Blafls 35. 1.

An Account of them Anno 1725. 70. I.

Horn of Deer, its Air 173. I.

Horfes, the Force of their Blood 1,9, 13. II.

Hurricanes> how caufed 286. II.

I

Ice, its Air-bubbles not comprefTed 274. II.

Infeclion conveyed by the Breath 260. I.

Inflammations 164. II.

Injeclions, to make, by the Force of perpendicu-

lar Columns 17, 141,65V. II.

Why 'tis found fo difficult to make them pafs

from Arteries to the Veins 141. II.

Iron, its Filings with Aqua Fortis 220, 305- &
With Oil of Vitriol 217, 221. J.

Spirit of Nitre 308. I. ,

Lemon Juice 222. I.

Spirit



I N D E X.

Spirit of Hartlhorn 222. I.

ferimftone 222. I.

Newcajlle Coal 223. I.

Burning Brimftonc 231. I.

Leather, its Strength 170* II.

Leaves promote Perfpiration 29, 30. I.

Ufeful to the adjoining Fruit 30. I.

Imbibe Moifture 133, 145. I.

Their Ufe 3^ 333> 355- *•

Imbibe Air 329. I.

The Manner of their Expanfion 345. I.

To be pruned with Care 370. I.

Ligaments, their Strength 167. II.

Lightning deftroys the Air's Elafticity 261. L
Kills thereby 261. I.

Its Effect on Liquors what 261. I.

Its firft Ignition whence 285. II.

Its crooked Dartings not from following a Tfaia

of fulphureous Vapours 288. II*

Lime and Oil of Vitriol 227, 309. II.

And Vinegar ibid.

And Sal Armoniac ibid.

Its Fire-particles what 287. I.

Lungs of a Calf, their inward Subftance meafured

239 I.

In them the Air lofes its Elafticity 248, 249,

253* 254- t
How much their Warmth makes frefli Air

expand 248, 249. I.

Suffocation whence 249. I.

Their Veflclcs eafily penetrated by Air 246",

247. I.

The Force requifite to raife them 254. I.

When dilated, give a freer PaiTagc for the

Blood through them 6. II. Why



INDEX.
Why they heave quick in nearly expirhg Ani-

mals 6. II.

An Eftimate of the Blood's Velocity in them
64, &c. tti

Liquors flow freely into its Veficles from the

pulmonary Artery 71. and vice verfa 74. II.

Dilated much by the Force of the Blood in the

pulmonary Artery 75, 77. II.

Their Dilatation requisite to give a free Paf-

fage to the Blood 75. IL

When weak, ftrong Exercife or Motion bad

78. II.

Blood accumulated in them in ftrong Motion

79. 11.

The Advantage of dilating them well in fpeak-

ing 83. IL

Difordered by Intemperance 84. II.

Blood-globules in palling them acquire efaflic

Vibrations 93. II.

To what Degree they heat the infpired Air

94. 11.

An Eftimate of the Heat the Blood would ac-

quire in pafling through them, without tBe

Refrigeration of Refpiratron 95, &c. II.

Their Ufc 101. II.

No additional Prefture of Air on the Blood

in them 102. II.

Lyfr.phatick VefTels weak 161. II.

Subject to Obftructions 162. II.

M
Man, his Breath deftroys Air 238. I,

The Force of his Heart 40, 43. II.

Manure of Ground 365, 366. I.

Menjiruums, fome do not diffblve by entering the

Pores, but by apt Vibrations 200. II.

Mercury



INDEX.
Mercury only dilates with Heat, but makes no

great Expanfion 199. I.

Yields no Water 200, I.

Is electrical 90. II.

Milk and Oyfter-fhell 205. I.

Mines, how their Damps fuffocate 262. I.

Attempts to prevent this Suffocation 263. I.

Minium, its Increafe in Weight whence 289. I.

Mint grows in an inclofed Veflel, and abforbs Air

329. I.

Mufcular Motion not effected by the Force of the

Blood 56. II.

Fibres feen in Action 59. II.

Muftard-feed, its Air 178. I.

N
Nerves have a Sympathy 57, II.

Nitre, its Air 183, 229. I.

Attracts the Blood-globules 149. II.

Nourijhment gradually mixed with the Blood

112. II.

Oak, its Air 176. I.

Oil, its Air 179, 290. I.

It abounds in Seeds 321. I.

Its Ufe 322. I.

Onions promote the diflblving of the Calculus

210. II.

Orange Juice and Oyfter-fhell 205, I.

Ox, the Capacity of its Heart 25, 42. II.

Oyfter-lhell, its Air by Diftillation 175. I.

And Vinegar 204. I.

And Oil of Vitriol 204. I.

And Rennet 204. I.

And Ox Gall 204. I.

And Urine and Spittle 204* I.

B b And



INDEX.
And Seville Orange Juice ,205. I.

And Milk 205. I.
*

.

Peafe, their imbibing Force 102. I.

Their Air by Diftillation 177. I.

By Ferment 209. I.

Periqfteum, its Strength 165. II.

Petrificatio?js of a tartarine Nature 231. II.

Perfpiration of Vegetables 4 to 57. I.

Comparative of a Man 9 to 14. I.

A healthy Latitude of it, both in Man and
Vegetables 14. I.

Of Ever-greens lead 22, 29. I.

Unequal in Stoves 24. I.

Stopped by Rain and Froft 27, 28, 48. I.

Promoted by the Leaves 28, 29. I.

Not effected by the protrufive Force of the

Sap or Blood 40. I. 121. II.

Its great Power 42. 1.

The perfpired Matter collected 49. I.

Stopped byCold, and promoted by Heat 126. II.

Phlegm redundant in the Stomach of hard Drink-

ers 115. II.

Ploofphsrus abforbs Air 175. I.

Pirmont Water contracts the VefTels 131. II.

Has much elaftic Spirit in it 181. I.

Pith, its Ufe 33 J. I.

Plethora retards the Blood's Motion 158. II.

Pleurify, why the Effects of a fizy Blood fooneft

felt in the Lungs and Pleura 80. II.

Then Blood is more accumulated in other Parts

81. II.

Why moit frequent in the left Side 82. II.

Prunhg9
Hints relating to it 371 to 373. I.

Pulfe of a Horfe, its Velocity 2. of a Cow 25.

of a Sheep 28. II.

Quick



INDEX.
Quick and weak, when the Ventricles are fup-

plied with little Blood 13. II.

Why fader in Children than grown Perfons

30.II.

Pulvis Urens 229. I.

Putrefattwn not from Fire 290. I.

Pyrites of Walton 182. I.

And compound Aqua Fortis 224, 302. 1.

And Oil of Vitriol 302. 1.

R
Rain, its Quantity 55, 56. 1.

Rai/ins> their Air 206. I.

Rats Breath deftroys the Air's Elafticity 236. 1.

Rennet and Oyfter-fhell 204. 1.

Refpiration, Experiments on that of Dogs 253^
255. I

How incommoded 259, 260, 262,271, 272. 1.

319. II.

Attempts to help it 260, 262, 263, 264. I.

The Quantity of Moifture carried off by it

268/I. 322, 324. II.

Its Force, how great 270. I.

It cools the Blood 94, fcfo II.

Without this the Blood foon turns putrid and
peftilential 100. II.

Rivers, not more unwholfome on the South than

North Side 253. II.

Roots, the Proportion of their Surface to the

Plant 6. 15. 1.

How fupplied with Moifture 65. I. 257. II.

Their imbibing Force 85. I.

The Effect of uncovering them 140. I.

They (hoot from the Stem of* Mint in a moid
Air 329. 1.

Of Corn to examine 364. 1.

Rope, when ftrongeft 171. II.

Bb 2 Salt,



IN D EX.
s

Salt, Volatile of Sal Ammon. diftilled, abforbs

Air 175. I.

Its Fumes, when cold, do not 202. 1.

Common, its Air 183,226.1.
Effential Air promotes its Cryftallization 186,

294. 1.

Ammoniac, Sal Tartar and Spirit of Wine
mixed, generate Air 202. I.

Attracts Sulphur 266, 274. 1.

Tartar, its Air by Diftillation 184. 1.

Its Air by Effervefcence 226. 1.

Sap , its Velocity 7, 8, 9, 15, 16, 18, 20, 21. 1.

Not protruded by the capillary VefTels 45, 4^>

no. I.

Recedes 145. I.

In appropriate VefTels 342. 1.

It rifes in Winter 47. I.

Raifed by the Sun's Influence 65. 1.

Its Force in the Vine 108, &c. I.

Confined in its proper VefTels 127. 1.

Its lateral Motion 128, &V. I. 260. II.

Does not circulate 134, &c. I. 262, 263, 264. II.

The Effects of checking the Sap 139, 140,

151- 1-

Seafcns of the Year from 1722 to 1728 68 t«

83. I.

Secretions plentiful into theGues 114, n 6, 117. II.

Retarded by dropfical Swellings 1 14. II.

How made 121. II.

When rebated in one Part, increafe in another

163. II.

Seed, the Manner of its Chitting 350. 1.

Sea
y to fathom 211. 1. 327. II.

Sheep^ the Capacity and Force of its Heart 27.II.

Shelters, floping 369. 1.

Sighing



INDEX.
Sighing increafes the Blood's Force and Velocity

Silky its Strength 170. II.

Spaw Water abounds with an elaftic Spirit

267. II.

Spirits acid have Air in them 187, 296. I.

Their Fumes, viz. of Spirit of Hartfhorn,

Spirit of Wine, and of compound Aqua
Fortis, do, when cold, neither generate nor

abforb Air 202, 295. nor Aqua Regia hoc

214. I.

Animal elaftic 58. II.

Spittle and Oyfter-fliell 204. I.

Springs from Rain 56. 1. 255. II.

Petrifying of a tartarine Nature 231. II.

Stomach, its Flatulencies 309, 310, I.

.

Surcharged with Phlegm in hard Drinkers
118. II.

Its Strength and Force 1 yy, &c. II.

Stones in the Kidnies and Bladder 189. II.

Stoves, the Moifture of them imbibed by Plana
in the Night 24, 375. I.

Sugar, its diftilled Air 181. 1.

Its Air by Ferment 208. I.

Sulphur attracts Air 230, fcfc. 299, 300, 302. I.

Sun, the Degrees of its Influence at different

Depths in the Earth 57, &c. I.

Sun-flower, its Manner of turning to the Sun
39- l

Sweats, cold, whence 7. II.

Profufe, how cured by the Bark 134. II,

Tallow, its Air 173. 1.

Tartar, its Air 184. 1.

Sal, its Air 184. 1.

Oil, its Air 226. I,

Mors



INDEX.
More of it from fmall than ftrong Wines

3*3-

1

Its chymical Principles 191. 1. 279. II.

In the Blood 105. II.

To diftil 278. II.

Thermometers, how graduated 57. 1.

Placed at feveral Depths in the Earth 61. 1.

Thorax has Air in it 80. II.

Tillage, how it fertilizes 365. 1.

Tobacco, its Air 179. 1.

Trees, new planted, why to be lopped and wa-
tered 1 6. 1.

Their imbibing Force 43, 84, £fr. I.

Inarched 132. 1.

Some grow at either End 132. 1.

New planted to water their Trunks 13 4. 1.

Tunbridge Water abounds with an elaftic Spirit

267. II.

Valves of the Veins do not totally flop the Re-
turn of the Blood 14. II.

Vapour of boiling Water, its Degree of Rare-

faction 257. II.

Vegetables, the Quantities they perfpire 4 t#

Their extenfive Surface 6. 1.

Increafe in Weight in the Night 24. 1.

Imbibe Air 155. I.

Their folid Parts have moft Air 301. 1.

Their Analyfis 319. 1.

Receive Nourishment through their- Leaves

325.I.

Why unfruitful 324, 327, 367. 1.

The Manner of their Growth 331. 1.

Their Seafons of Thriving 361, 1.

Their proper Tillage 363. I.

Vegetation



INDEX.
Vegetation 318, cffr. I.

The Force Nature exerts in it 346. 1.

How promoted by the Sun 347. I.

Of Trees traced 349, &V. I.

Veins, the Force of the Blood in them 13, 27,

31,34, i56 > H.

Their Valves do not totally itop the Return of

the Blood 14. II.

Their great Strength 150. II.

Vibrations conveyed along animal Fibres 57. II.

Vinegar and Oyfter-fhell 204. 1.

And Lime 227. 1.

Vines , the Influence of the Seafons on them 73,

74.1.

The Force of their Sap 108, &c. I.

Much Air arifes in them 11 o. I.

Vitriol, Oil and Sal Ammoniac 203. 1.

And Turpentine 203. 1.

And Oil of Turpentine make Brimttone 203.

L

And Oil of Tartar 226. 1.

And Sea Salt 226. 1.

And Chalk 227. 1.

And Lime 227. I.

And Belemnites 228. I.

Vivifying Spirit, none in the Air 250, 258, 275,
277.I.

m

Ulcer, why its Matter caufes a Shivering, and
then Heat 109. II.

Vomit caufed by Infufion of warm Water into

the Blood-veflels 112. II.

Urine and Oy iter- (hell 204. I.

Pafies only through the Kidnies to the Bladder
116.U.

Its Quantity 208. IL
Which apteft to breed theCalculus 213,214.11.
When mod or leaft rancid 220. II.

Vulcano's abforb Air 231. I,

Water,



INDEX.
W

Water, its Evaporation in a Year $$. I.

Common Pirmont, Rain, Holt, Briftol, their

Airs 1 8 1. I.

Warm, injected, caufes Vomiting and Convul-
fions ii2. II.

Warm or cold, its different Effect on the Blood-
veffels 122. II.

Chalybeate contracts the Veflels 131. II.

Why, when injected, it will not pafs from the

Arteries to the Veins 140. II.

Depofits tartarine Incruftations 231, &c. II.

Some has none 237, 238. II.

Contracts no ill Quality from Lead 238. II.

Its Hardnefs whence 238. II.

Good which filtrates through Gravel 237. II.

Quantity of Sediment in feveral on Evapora-
tion 237. II.

Word when Springs are low 241. II.

Hard, its ill Effects 241, &V. II.

Of Ebjham and ARon, have little of this ela-

flic Matter 267. II.

Of Bath, much lefs 267. II.

How it cures Flatulencies 269. II.

Its contained Air 272. II.

Wax, its Air 180. I.

Wheat, Indian, its Air 176. I.

Wine, its Ferment to check 207. I.

Wounds of Trees to cover 374. L
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